
ble constituent of mammalian cell sur- 
faces (10), it would seem more likely 
that N-acetyl-D-galactosamine partici- 
pating in this interaction is provided 
by the cell. This possibiilty is consistent 
with the report that in purified PHA 

N-acetyl-D-galactosamine was not found 
though other sugars such as glucosa- 
mine were (11). 
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(1), which show strong juvenile hor- 
mone activity in the hemipteran bug, 
Pyrrhocoris apterus (L.). Thus, when 
last-instar nymphs were allowed to 
come into contact with certain paper 
products or were treated with lipid ex- 
tractives of these products, the insect 
underwent one or more supernumerary 
molts and eventually died without be- 
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coming sexually mature. They also 
noted that P. apterus was unique in 
responding to the "paper factor" since 
two other Hemiptera, Oncopeltus fas- 
ciatus (Dallas) and Rhodnius prolixus 
Stal, and several Lepidoptera were un- 
affected. Moreover, P. apterus and 0. 
fasciatus were reported to be little af- 
fected by highly active extracts of the 
cecropia silkworm which continues to 
be the most active source of the "nat- 
ural" insect hormone. These findings 
have led Slama and Williams to specu- 
late upon the possibility of chemical 
evolution and diversification of the ju- 
venile hormone itself and of its target 
organs. 

Other investigators (2), making in- 
dependent studies of these phenomena, 
differ in interpreting these effects. They 
maintain that the "paper factor" in- 
duced a "pathological growth pattern," 
which resulted in abnormal or mal- 
formed adults with apparently normal 
reproductive organs and external geni- 
talia, although egg production was only 
10 percent of normal with few of these 
developing. They also declared that 
any juvenile hormone effect, if present, 
was quite small or only superficially 
resembled juvenilization. 

Since it is always difficult to assess 
the biological activities of an unknown 
compound, particularly when it is pres- 
ent in an extract containing many 
differing molecular species, we decided 
that isolation of the pure material and 
subsequent study of its effects on P. 
apterus might clarify these inconsist- 
encies. 

Pulverized balsam fir wood was ex- 
tracted in a large glass chromato- 
graphic column by perfusion with a 
mixture of chloroform and methanol 
(3:2). The solvent was removed in a 
vacuum and the residue was dissolved 
in ether; the ether solution was filtered 
and dried over anhydrous sodium sul- 
fate. 

A light, mobile oil with high juve- 
nile hormone activity for P. apterus 
was isolated from this crude extract 
by column and preparative thin-layer 
chromatography over silica gel; it was 
99 percent pure (or better) by gas- 
liquid and thin-layer chromatographic 
analysis (3). The compound was as- 
signed the trivial name of juvabione. 

Infrared analysis of juvabione in 
carbon disulfide showed strong ab- 
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double bond in conjugation with an 
ester carbonyl. A second band at 1712 
cm-~ indicated the presence of an ad- 
ditional isolated carbonyl. 

High-resolution mass spectroscopy 
of this ester showed a small parent 
ion with a molecular weight of 
266.188 (4), a value consistent with 
the empirical formula C16H2603 (calcu- 
lated, 266.187; C = 12.0000). The 
parent ion lost methanol which resulted 
in the appearance of a prominent ion 
at 234, a result confirming the pres- 
ence of an unsaturated methyl ester 
(5). 

Reduction with sodium borohydride 
or catalytic hydrogenation gave differ- 
ent products, each showing a parent 
ion that was two mass units higher 
than the original compound. 

The nuclear magnetic resonance 
spectrum of juvabione (in deutero- 
chloroform) showed peaks at 8 (parts 
per million) 6.95 (1 H, olefin), 8 3.75 
(3 H, methoxyl), 8 2.7 to 1.5 ('- 8 H, 
allylic), 8 1.5 to 1.0 (- 5 H saturated), 
8 0.88 [6 H doublet, J (spin-spin 
coupling constant) = 6], 8 0.86 (3 H 
doublet, J = 6), confirming the pres- 
ence of a double bond, an isopropyl 
unit attached to a nonassymetric car- 
bon atom, and a methyl group at- 
tached to an additional disubstituted 
carbon. 

In the mass spectrum, the isopropyl 
fragment with mass to charge (M/e) 
equal to 43, a homolog M/e equal 
to 57 (C4H7) (4), and a related 
fragment at M/e 85 (C5H90) were 
prominent and suggested the linkage 
(CH3) 2CHCH2C - O. 

The remainder of the molecule must 
contain the remaining methyl group, 
one ring, and the a,fl-unsaturated cy- 
clic ester. Combining these facts with 
the likely sesquiterpenoid nature of 
the material, we propose structure I. 

T 11R1 

I 
R=CH 

Todomatuic acid (II), isolated from 
bisulfite-treated pulp wood of A bies 
sachalinensis (Schmidt) Masters, em- 
bodies all of these features (6). The 
acid, obtained on saponification of juva- 
bione (I) crystallized from petroleum 
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Fig. 1. The difference between the giant 
sixth-instar supernumerary nymph (cen- 
ter), normal fifth-instar nymph (left), and 
normal adult (right) of P. apterus. 

are similar to those reported for todo- 
matuic acid (6, 7), m-p. 58? to 58.5?C, 
[a]Dl3 = +85? (ethanol). Ultraviolet 
analysis in ethanol showed a band at 
222 m/A (extinction, e = 13,600), in- 
dicative of the expected ca,/-unsatu- 
rated acid. It is apparent that juva- 
bione is the methyl ester of todomatuic 
acid. 

Throughout purification, activity was 
followed by applying the material topi- 
cally in 0.5 /1 of acetone to newly 
molted last instar P. apterus nymphs. 
Supernumerary molting to giant 
nymphs signaled high activity (Fig. 1), 
while nymphal - adult intermediates 
were obtained with less-active frac- 
tions. 

The conclusions of Carlisle et al. 
(2) that the balsam material produced 
a "pathological growth pattern" in P. 
apterus rather than juvenile hormone 
activity led us to compare the effects 
of juvabione and trans-trans-10,11- 
epoxyfarnesenic acid methyl ester on 
several species of Hemiptera. The lat- 
ter compound is the most active syn- 
thetic juvenile and gonadotropic hor- 
mone of known structure reported to 
date (8). Table 1 shows that trans- 

Table 1. The effect of juvabione and 10,11- 
epoxyfarnesenic acid methyl ester on several 
species of Hemiptera. The degrees of juvenil- 
ization are: 0, none; N-A, nymphal-adult in- 
termediate; and S, supernumerary sixth instar 
nymph. Each value represents the average 
modification of ten insects. 

Juvenilization 

Species Juvabione Epoxide 

1 /g 5 ug 1 gg 5 g 
P. apterus N-A S N-A S 
L. trivittatus 0 0 N-A S 
0. fasciatus O O N-A S 
Lygaeus kalmii Stal O O N-A S 
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trans-10,11 -epoxyfarnesenic acid meth- 
yl ester is active on all of the Hemip- 
tera investigated; juvabione is active 
only on P. apterus, which tends to 
support the previously reported spe- 
cificity of the balsam extract for this 
species. However, at higher levels 
(100 tg), the box elder bug [Leptocoris 
trivittatus (Say)] did molt to nymphal- 
adult intermediates but had such dif- 
ficulty during the molt that the dorsal 
thoracic suture of the new cuticle rup- 
tured and the intestines were everted 
through the body wall. In addition, we 
found that juvabione was as active as 
farnesol in the Tenebrio genitalia juve- 
nile hormone test (9). In all insects 
responding to juvabione, the immature 
characters retained were like those ob- 
tained by treatment with 10,11-epoxy- 
farnesenic acid methyl ester. In Tene- 
brio, the juvenilizing effects of juva- 
bione were identical with those pro- 
duced by the cecropia hormone. Thus 
juvabione does not enjoy even ordinal 
specificity, despite the greater sensitiv- 
ity of P. apterus to it. These data also 
indicate that the activity of the pure 
methyl ester of todomatuic acid is 
somewhat less on P. apterus than the 
activity recorded for the semipurified 
extracts of others (10); however, we 
were unable to detect significant activ- 
ity in any other fraction from the 
balsam extractives. Perhaps other sub- 
stances in the extract, not in them- 
selves active, may augment the effect 
of juvabione, or a strain difference in 
test organisms may exist. 

One of the most interesting aspects 
of our study was the discovery of a 
monocyclic sesquiterpene with juvenile 
hormone activity. Although derivatives 
of certain straight-chain alcohols have 
very high juvenile hormone activity, 
most mimicking compounds of known 
structure are derivatives of the acyclic 
sesquiterpenoid alcohol farnesol, which 
is the often proposed parent of such 
monocyclic sesquiterpenes as bisa- 
bolene, zingiberene, perezone, atlan- 
tone, and others, and possibly, of 

juvabione. Possibly the acyclic deriva- 
tives are active by virtue of their abil- 
ity to cyclize within the insect, and if 
this is true, it follows that the natural 
insect juvenile hormone or hormones 
may also be a monocyclic sesquiter- 
pene. 

Note added in proof: We have now 
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The methyl ester of this compound and 

juvabione are biologically equivalent, 
and identical by infrared spectra and 
gas-liquid chromatography. 
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Proliferation of Cells in the 

Central Cylinder of the Reduced 
Mutant in Lanceolate Tomato 

Abstract. When the reduced pheno- 
type in homozygous lanceolate tomato 
is cultured on a sterile nutrient medium, 
there is a considerable amount of cell 
division within the central cylinder. 
Such proliferation may occur in re- 
sponse to a stimulus furnished to the 
shoot by the root. 

Lanceolate tomato, a leaf-shape 
mutant determined by a single gene, 
has been described by Mathan and Jen- 
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Proliferation of Cells in the 

Central Cylinder of the Reduced 
Mutant in Lanceolate Tomato 

Abstract. When the reduced pheno- 
type in homozygous lanceolate tomato 
is cultured on a sterile nutrient medium, 
there is a considerable amount of cell 
division within the central cylinder. 
Such proliferation may occur in re- 
sponse to a stimulus furnished to the 
shoot by the root. 

Lanceolate tomato, a leaf-shape 
mutant determined by a single gene, 
has been described by Mathan and Jen- 
kins (1) and Stettler (2). If the mutant 
allele is present in double dosage, dif- 
ferent phenotypes are produced, one of 
which has a hypocotyl that lacks coty- 
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