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Abstract. Ent-kaurene (ent-kaur-16-ene) and squalene were analyzed in
extracts of the shoots of three cultivars of rice (Oryza sativa L.) of 14 and
28 days of age by gas chromatography-mass spectrometry (GS-MS) and
GC-selected ion monitoring (GS-SIM) . Ent-kaurene occurred at approxi-
mate concentrations of < 1 to 13 nglg f .w. in 14-day-old plants and 26 to 147
ng/g f.w. in 28-day-old plants . Shoots of the dwarf cultivar Waito-C con-
tained much less ent-kaurene than the other two cultivars at both develop-
mental stages . The level of ent-kaurene in the dwarf cultivar Tan-ginbozu
was similar to that in the normal cultivar Nihonbare at 14 days but was
lower than in Nihonbare at 28 days . Trace amounts of ent-isokaurene (ent-
kaur-15-ene) were also found in the extracts of all three cultivars of shoots
at 28 days . Squalene occurred in approximate concentrations from as low
as 19 ng/g f.w. in 28-day-old Waito-C shoots to as much as 626 ng/g f .w. in
14-day-old Nihonbare shoots . Both Tan-ginbozu and Waito-C shoots con-
tained less squalene than Nihonbare shoots at both developmental stages .

It has been reported that the rate of biosynthesis of ent-kaurene (ent-kaur-16-
ene) may be rate-limiting for gibberellin (GA) biosynthesis during the develop-
ment of seeds (Coolbaugh and Moore 1969) and shoots (Ecklund and Moore
1974) of pea (Pisuni sativum L.) . However, the concentrations of endogenous
ent-kaurene have apparently not been determined for the tissues of any higher
plants . The purpose of this paper is to report data on the approximate pool
sizes of ent-kaurene and the triterpenoid precursor squalene as well in extracts
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of shoots of three cultivars of rice (Oryza sativa L .) at two immature stages of
their development .

Materials and Methods

Plant Material

Nihonbare (normal), Tan-ginbozu (dwarf), and Waito-C (dwarf) cultivars of
rice were grown for 14 and 28 days in a greenhouse under simulated paddy
conditions-i .e., in flooded, fertilized soil . Entire shoots were excised'

weighed, and stored submerged in methanol in a cold room (4°C) before anal-
ysis. Shoot samples of the 14-day-old plants were : Nihonbare, 34.1 g; Tan-gtn
bozu, 34.8 g; and Waito-C . 34 .2 g. For the 28-day-old plants, the shoot samples
weighed : Nihonbare, 65 .6 g ; Tan-ginbozu, 85 .'7 g ; and Waito-C, 82 .9 g. Averaga
shoot lengths of 14-day-old plants were : Nihonbare, 15 .1 cm ; Tan-ginbozu, 9
em; and Waito-C, 7 .5 cm . Fourteen-day-old plants were at the four-leaf stage
and the month-old plants were at the six-leaf stage (Kurogochi et al . 1979) .

Extraetio nd Fractionation

Extracts were prepared and subjected to solvent fractionation essentially as
described by Kurogochi et al. (1979) and as outlined in the first part of the flow
diagram (Fig. 1), except that in the case of the month-old plants, the tissue was
not extracted with n-hexane following the initial extraction with methanol .

Silica Gel Column Chromatography

Each hexane fraction was applied to a column consisting of 5-7 .5 g of silica gel
slurried in n-hexane and approximately 9 cm in length and 1 .5 cm in diameter
The column was eluted with 50-100 ml of n-hexane under a slight head pres
sure. This step was repeated when necessary to rid the eluaee of most of the
chlorophyll .

High-Performance Liquid Chromatography (HPLC)

Each hexane fraction of a silica gel column was evaporated and stored in a
Teflon-stoppered microtube in a cold room (4°C) until it was prepared for
HPLC. Then each hexane fraction residue was dissolved in 200 µl of 5I
n-hexane in methanol . A 100-µ1 sample was subjected to HPLC under the
following conditions: column, Develosil 5-ODS, 8 mm diameter and 15 cm
length; column temperature, 30°C ; flow rate, 3 ml/min ; pressure 50 kglcm 2 ~

wavelength on detector, 210 nm; and solvent, methanol . Eluate samples were
collected at 1-min intervals . Fractions encompassing the retention times for
samples of authentic ent-kaurene and ent-isokaurene and of squalene were
saved for further analysis . The retention times for both ent-kaurene and c'nt'
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in extracts of rice

isokaurene were 9.8 min; that for squalene, 12 .4 min (Table 1) . Whereas ent-
kaurene and ent-isokaurene had identical retention times on HPLC, they were
separated on the mass chromatograms during GC-MS .

Gas Chromatography-Mass Spectrometry (GS-MS)

GC-MS was carried out with a JEOL DX 303 (ionization voltage, 70 eV) .
Samples were dissolved in n-hexane and injected onto a fused silica capillary
column DB-1 (J&W Scientific Inc ., CA, 0 .258 mm diameter and 15 m length,
0.25-µm-thick stationary phase) at 120°C in the splitless mode . After a 2-min
isothermal hold, the column temperature was programmed at 16 °C/min to
280°C with a 10-min isothermal hold at the end of the program . The pressure of
the He carrier gas was 0 .65 kg/cmz . The column was led directly into the ion
source .

GC_Selected Ion Monitoring (GC-SIM)

GC-SIM was performed on a Hewlett-Packard 5890A gas chromatograph cou-
pled to a Hewlett-Packard 5970 series mass selective detector. The critical



1 4 8

	

T. C. Moore et at .

C)I-CO

0CO
C)0C)

0

0000.
0
U

00

U
0..C .a

C)
0.
ECO00

"4 000000

	

00-0000- 000000 .)

4)C
C)C

	

-

	

.'3

	

9

	

9

	

9

	

0
>)

C . 0 .4 0 .0 CO

	

CO

	

CO

	

'9
CO

	

U CO

	

CO
Ot).0 0 0 0' 00

	

00

	

.

	

ob* N

	

N

" 00 rfl--NN T-rfl -N -
0

N V N - N N- N
NN
N

-N
'11

40
NN '0

N-..'0M N NNN

	

N'm©N
Nr

	

N.N'

	

M N1 N 4r

N,-r--N

a,a,a,00
N00 N N 0 N00 N't NN N

"tN a,-a,a,
N N NN N NN-'N NN- NNNN*N N- N N -

* -'-
N Q 0

	

-0-. .00* 0C-00- 0 -'0 *-'-''0 N
N' N N NN N V) N N NN''CNN NNNC'CNN'N TIN 0 N ', '0N

	

Nrfl

v't

	

o0

N N" '0N 0, "NC 'C'rC

N*00

N N '0r

+ + + -f + + + + + + •+ + + + + + +

N N N N 0N 0.. N 0 N N 0 N 0 N N 0
N NN NN NNN--N N N '

C)

NN-NN N N

C)

NN'NN N N ')t'

C)0 0 0
C)

	

C)
0

C)

	

C)
0

C)
0

CO C) 0 C0C)
- ..._0

CO C) 0 COC) COC) 0 COC)

M 00 00

000'
C)OCCTI

0000'

N 00 '1'C fl "C

C)TI,IC)TI)

N N , N 00 0 C\ N 0 'rN C' W Qt V) 000 00 .r,00a 00C"t',000',
N N - N--nn n--nn- N - N- N



Ent -Kaurene and Squalene in Rice Shoots

	

149

Operating conditions were: column composition, a capillary column HP-1 (0.2
mm diameter and 12.5 m length, 0 .33-p m-thick stationary phase); He carrier
gas, 0 .5 kg cm-2 ; 160°C (for 2 min) to 280°C at 16°C/min ; ionization voltage, 70
eV ; and selected ions, m/z 272, 257, and 229 (for ent-isokaurene and ent-
kaurene) and m/z 410, 367, and 341 (for squalene) . For quantitation, the ions at
t11/z 272 (for ent-kaurene and ent-isokaurene) and at m/z 410 (for squalene)
Were used. Standard calibration curves were produced using known amounts
of authentic compounds . Retention times of ent-isokaurene, ent-kaurene, and
squalene in these analytical conditions were 6.34, 6.62, and 11 .10 min, respec-
tively.

Results and Discussion

Ent-kaurene and squalene were identified by retention times and full mass
spectra from GC-MS analyses of purified 14-day-old and 28-day-old extracts of
all three cultivars (Table 1) . Ent-isokaurene was similarly identified in the 28-
day-old plant extracts of all three cultivars, but not any 14-day-old plant ex-
tracts . Since no information on recovery ratios of such very lipophilic com-
pounds was available, the approximate recovery ratio of ent-kaurene was in-
vestigated . Ten micrograms of authentic ent-kaurene was subjected to the
Same procedures as in the case of purification of the plant extracts, and its
recovery ratio at each purification step was determined by GC-SIM . The per-
centages of recovery of ent-kaurene after extraction with n-hexane against an
aqueous layer, extraction with n-hexane against 90% aqueous methanol, silica
gel chromatography, and HPLC were approximately 100, 92, 87, and 38, re-
spectively. Recovery ratios were not determined for ent-isokaurene and squa-
lene. No correction was made for the losses of compounds that occurred
during the purification procedures . Since the analyses were performed only
Once, the data should be regarded as conclusive qualitatively but as only
closely approximate quantitatively .

The concentrations of ent-kaurene were as low as < 1 ng/g f.w. in extracts of
1 4-day-old Waito-C (dwarf) shoots to as much as approximately 13 ng/g f .w. in
extracts of 14-day-old Tan-ginbozu (dwarf) shoot extracts (Table 2). Concen-
trations were approximately an order of magnitude higher in extracts of shoots
Of 28-day-old plants and ranged from approximately 26 nglg f .w. for Waito-C to
approximately 147 ng/g f.w. for Nihonbare. It is relevant that Ecklund and
Moore (1974) observed an approximately exponential increase from nearly
zero in the rate of synthesis of ent-kaurene in cell-free enzyme extracts pre-
Pared from pea shoots from the third to the ninth day after planting . Also,
Rurogochi et al . (1979) found an increase of more than fivefold in endogenous
GA t9 in Nihonbare rice plants from the sixth-leaf stage to the panicle-initiation
stage. Thus large changes in endogenous ent-kaurene and GA levels evidently
do occur.

The concentrations of ent-kaurene in the shoots of Waito-C plants were con-
siderably lower than those in Tan-ginbozu and Nihonbare . Murakami (1972)
Postulated that Waito-C plants have a genetic block in the conversion of GA 20
to GA 1 , the latter being considered to be the GA active in the growth of rice
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Table 2. Concentrations of mi-kaurene (K) and eni-isokaunne 0Dlinextracts of rice shoOtS
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Table 3 . Concentrations of squalene in extracts of rice shoots .

14-day-old plants

	

28-day-old plaOtS
Ood,^

	

(ng/o[wl

	

(nglg f .w .)

	

_

Nihonbare 626
Tan-ginbozu 44!
nbim'C

	

4n»

499
232

!v

required .

(Kurogochi et al . 1979, Suzuki et a! . 1981) . Synthesis of a considerably rge
amount of ent-kaurene and its relatively rapid conversion to GAs in Waito
seems unlikely, since Kobayashi (1987) did not find a large accumulation '
GA20 in shoots of month-old Waito-C plants . He found a few ng/g f.w. of GA2o
In Waito-C shoots compared to <1 ng/g f.w. in Nihonbare .

Dwarfism in the Tan-ginbozu cultivar appears not to be correlated with
deficient production of ent-kaurene in 14-day-old plants, although it might be
in 28-day-old plants. The cause of dwarfism in Tan-ginbozu has previoUSW
been attributed to deficiency in the biosynthesis of ent-kaurene (Muraka'
1972), whereas the results presented in this paper do not support that COI1CI
sion. Further investigation on the cause of dwarfism in Tan-ginbozu will b'

{e u "dead-end" isomer of ent-kaurene which is not CO
verted to GA (Heddnu et al . !977) . Whether the trace amounts of ent-lS°

kuureuofouod in these investigations were formed cnzynnicuUyfrom cop»ly/
pyrophosphate, aapostulated b»rthcdvvurf-5 mutant mf Zouxnuyx(}{cddufl»m°
Pbinuey l979), or iaoooerized onucozy/oicuUy boon ent'kuurouc, om describe~

byAppletonetaL(!g66),during extraction is oo\known . Whichever {hscase ,
the amounts ofxmt'im*buum:ucfound intbe present investigations appear to hn
too small to be important in dwarfism even ifformed ouoynoiuuU}c

Substantial concentrations of agoa!cne were also found in the same extracts
uao1mioioQeut'kuureoe from all three cu}dpuraof rice at both ages examifl
(Table 3) . Concentrations were lower in the dwarf cuhivuo Wadu'CunJ7a»

-

8iubnzu than in the onrnuul Nibonbarc cukivar . Tbu1 finding may be important
to understanding the regulation of tdLerprnoid biosyntheses, including bioSY'
thesis of the hmnoeiooutenuidx .

14-day-old plants 28-day-old plants
(na/g [«') (no/g f.»,)

Cubiva K U{ K

Nihnubaro /V -a /47
Tan-ginhvzv /3 -- !Vz
Waim-C </ - 26

a Not detected by GC-MS .
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