GK1.5 treatment (Table 3). Although
nearly all thymocytes express L3T4 (5),
the percentage of L3T4" thymocytes
was not significantly changed in treated
mice (8).

The mechanism of the therapeutic ac-
tions of GK1.5 administration is still
unknown. The observed decrease in the
numbers of peripheral L3T4* helper (in-
ducer) or effector T cells may be suffi-
cient to account for the amelioration of
the disease. Alternatively, the ability of
the antibody to bind L.3T4 and block the
functional activities of this molecule
could also play a role. In vivo adminis-
tration of monoclonal antibodies to the I-
A subregion of the major histocompati-
bility complex can prevent and reverse
EAE (9). It is possible that antibody to
L3T4 and antibodies to I-A effect EAE
because both antibodies block T-cell ac-
tivation, either at the site of the T-cell
receptor for I-A [in the case of treatment
with antibody to L3T4 (5, 10)] or at the
site of I-A on antigen-presenting cells (in
the case of treatment with antibody to I-
A). In addition, if there is a reduction in
the number of L3T4" cells or if their
activation is blocked (or both), there
may be a shift in the balance between
regulatory helper and suppressor T cells
to an alternate stable state (//) in which
suppression becomes the dominant re-
sponse to the encephalitogenic compo-
nents of MSCH.

Regardless of the mechanism of action
of GK1.5 treatment, we have shown that
in vivo administration of GK1.5 has a
dramatic effect on the course of EAE.
The successful treatment of murine EAE
with GK1.5 suggests that therapy with
monoclonal antibodies to the human
equivalent of the murine L3T4" subset
might prove effective in the treatment of
MS and possibly in other diseases where
this T-cell subset plays a central role.
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Hernandulcin: An Intensely Sweet Compound

Discovered by Review of Ancient Literature

Abstract. Ancient Mexican botanical literature was systematically searched for
new plant sources of intensely sweet substances. Lippia dulcis Trev., a sweet plant,
emerged as a candidate for fractionation studies, and hernandulcin, a sesquiterpene,
was isolated and judged by a human taste panel as more than 1000 times sweeter
than sucrose. The structure of the sesquiterpene was determined spectroscopically
and confirmed by chemical synthesis. Hernandulcin was nontoxic when adminis-
tered orally to mice, and it did not induce bacterial mutation.

Because of such factors as the caloric
and cariogenic potential of sucrose, al-
ternative means are being sought to sat-
isfy the human habit of consuming
sweets. Synthetic substances such as
saccharin, cyclamate, and aspartame
have been or are being used in the Unit-
ed States for this purpose, while natural-
ly occurring substances such as phyllo-
dulcin, stevioside and glycyrrhizin are
used in Japan (/, 2). None of these
substances is ideal, however, either be-
cause of taste characteristics that are
generally perceived as unpleasant, ques-
tionable safety, chemical instability, or
because of the relatively high cost of
production (/, 3).

The discovery of practically every in-
tensely sweet, prototype molecule has
been fortuitous; there is still insufficient
knowledge to design sweet compounds
that are structurally unrelated to existing
sweeteners (3). In addition, large-scale
screening of potential sweeteners is im-
practical because of the lack of conve-
nient bioassay systems (4). Thus, as part
of a program to develop new sweetening
agents and to provide compounds that
could aid in understanding the relation
between moleclular structure and sweet-
ness, the Mexican ethnobotanical litera-
ture was searched with the express pur-
pose of uncovering records of intensely
sweet-tasting plants.

While examining a monograph entitled
Natural History of New Spain, written

between 1570 and 1576 by the Spanish
physician Francisco Hernandez (5), our
attention was drawn to a remarkably
sweet plant known to the Aztec people
by the Nahuatl name Tzonpelic xihuitl.
The literal translation of these words is
‘‘sweet herb.”” The accurate description
and illustration of the plant provided by
Hernandez combined with another men-
tion (6), enabled the assignment of Tzon-
pelic xihuitl as Lippia dulcis Trev. (Ver-
benaceae). The constituents of this plant
do not appear to have been studied in
recent years, but investigators have sug-
gested that the sweet principle is volatile
(7) and distinguishable from the sweet
glycoside glycyrrhizin (8).

The principal sweet component of L.
dulcis (9), which was present mainly in
the leaves and flowers, was isolated in
pure form after solvent partition and
chromatographic fractionation. This
compound, 1, which has been named

hernandulcin in honor of Francisco Her-
ndndez, was obtained as a colorless oil
[a]?® +109° (c, 0.11 g/100ml in ethanol).
Its molecular formula is C,sH,40,, based
on a high-resolution mass spectral mea-
surement of the molecular ion, 236.18005
amu. Analysis of the 'H- and *C-NMR
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(nuclear magnetic resonance) spectra
(Table 1), as well as other spectroscopic
measurements (/0), allowed the tentative
identification of hernandulcin as a ses-
quiterpene of the bisabolane class, with
the structure 6-(1,5-dimethyl-1-hydroxy-
hex-4-enyl)-3-methylcyclohex-2-enone.
Two-dimensional NMR experiments (11,
12), which measured both the 'H-'H and

'H-1C chemical-shift correlations, sup-
ported this identification and permitted
the unambiguous assignment of the *C-
NMR spectrum of hernandulcin (Fig. 1).
The data obtained are consistent with
those from other bisabolane sesquiter-
penes (13, 14).

The structure proposed for hernandul-
cin was confirmed by chemical synthesis

Table 1. 'H- and "*C-NMR spectral data for hernandulcin, 1, and epihernandulcin, 2, recorded
with deuterochloroform as the solvent and tetramethylsilane as the internal standard. Abbrevia-
tions: 8, chemical shift; M, multiplicity; J, coupling constant in hertz; s, singlet; d, doublet; dd,
doublet of doublets; t, triplet; q, quartet; m, multiplet; br, broad.

'"H-NMR* BC-NMRt
Site 5, M, J 5, M
1 2 1 2
C-1 204.0, s 203.6, s
C-2 5.88, s (br) 5.85, s (br) 127.4, d 127.4, d
C-3 163.6, s 163.6, s
C-4 2.34, m 2.33, m 31.2,t 31.6,t
C-5 1.69, m; 2.05, m 1.75, m; 2.06, m 25.0, t 22.1,t
C-6 2.42,dd, 14.1, 4.5 2.35, dd, 14.1,4.5 52.0, d 55.4,d
C-7 1.97, s (br) 1.92, s (br) 24.1, q 24.2, q
C-1 73.9,s 74.4, s
Cc-2' 1.48, t (br), 8.0 1.38, m; 1.55, m 40.1, t 36.9, t
C-3’ 2.05, m; 2.15, m 2.00, m; 2.20, m 21.5,t 22.1,t
Cc-4' 5.19, t (br), 8.1 5.08, t (br) 124.4, d 124.7, d
C-5' 131.4, s 131.5, s
C-6' 1.68, s (br) 1.66, s (br) 25.7, q 25.8, q
C-7' 1.63, s (br) 1.60, s (br) 17.6, q 17.7, q
C-8' 1.18, s 1.19, s 23.6, q 25.5,q
-OH 5.29, s 5.07, s
*Recorded at 360 MHz. tRecorded at 90.8 MHz.
Fig. 1. Two-dimen-
sional 'H-3C shift-
correlated NMR

spectrum of hernan-
dulcin (upfield region
only), obtained with
a Nicolet NIC-360

i

24
o

$

e i i i

ot
»
o

T T

Gl

- 50

.
T

418

spectrometer at 90.8
MHz (3C) and 360
MHz (‘H). The pulse
sequence used was
b that of Bax and Mor-
t ris (I12), with A, =4
msec and A, =24
L msec. The initial data
matrix consisted of
r 256 blocks of 1024
points each with 200
acquisitions per
block. Zero-filling re-
sulted in a final data
matrix of 512 blocks
o of 2048 points. The
sine-bell function was
L used to enhance the
b resolution in both di-
40 mensions, and the
spectrum shown is
the absolute value.
The one-dimensional
'H- and "“C-NMR
spectra, respectively,
are shown at the top
and along the side of
the figure.
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resulting from a directed aldol-condensa-
tion reaction (15). The reaction afforded
(*)-hernandulcin and its diastereomeric
counterpart, (+)-epihernandulcin, 2, in a

o, oH

2

ratio of 95 to 5, respectively. On the
basis of this, the relative stereochemis-
tries of hernandulcin and epihernandul-
cin were established, since directed aldol
condensations are known to proceed
through a chairlike intermediate in which
the conformer with the greater number
of equatorial substituents is preferred
(16). Further supporting evidence for the
stereochemistry of the products was ob-
tained by the observation of a 28 percent
'"H-NMR nuclear Overhauser enhance-
ment (nOe) for (+)-epihernandulcin, in-
dicating that the C-8' methyl protons and
the C-6 proton are arranged in a syn
conformation. No such nOe effects were
evident for (*)-hernandulcin. The differ-
ences in the 3C-NMR chemical shifts for
C-5, C-6, C-2', and C-8' in hernandulcin
and epihernandulcin are consistent with
expected differences in intramolecular
steric interactions of the compounds
7).

The mutagenic potential of (*)-her-
nandulcin was examined by a forward
mutation assay utilizing Salmonella ty-
phimurium strain TM677, according to
published procedures (18, 19). No signif-
icant mutagenic activity was observed
when (*)-hernandulcin was assayed in
either the presence or absence of a meta-
bolic activating system derived from the
livers of rats treated with Aroclor 1254.
When suspended in 1 percent sodium
carboxymethyl cellulose and then ad-
ministered by gastric intubation to male
Swiss-Webster mice at single doses up to
2 g per kilogram of body weight, (*)-
hernandulcin produced no mortality.

Preliminary studies with a human taste
panel were performed to test the sensory
properties of naturally occurring (+)-
hernandulcin (20). A 2.0 x 10" *M aque-
ous solution of this compound was per-
ceived to be equivalent in sweetness to
a 0.25M solution of sucrose; thus, on
a molar basis, (+)-hernandulcin was
judged to be more than three orders of
magnitude sweeter than sucrose. Never-
theless, (+)-hernandulcin was consid-
ered by the panel to be somewhat less
pleasant than sucrose and to exhibit per-
ceptible off- and aftertastes as well as
some bitterness.

It is generally accepted that sweet-
tasting compounds bind stereoselective-
ly with a receptor located in the taste-cell
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membrane (3). For hernandulcin, two
possible binding sites are the C-1 carbon-
yl and C-1' hydroxyl groups because the
sweet taste of the compound is lost when
these groups are modified (27). Since
these two functional groups are located
about 2.6 A apart in the preferred confor-
mation, this molecule closely fits the
Shallenberger model (22) for sweet-tast-
ing compounds. Thus, the structural sim-
plicity of hernandulcin, the availability
of a facile synthesis for it, and the in-
tense sweetness it exhibits make it a
target molecule for the further investiga-
tion of the relation between structure
and sweetness.
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Disk-to-Disk Transfer as the Rate-Limiting Step for

Energy Flow in Phycobilisomes

Abstract. A broadly tunable picosecond laser source and an ultrafast streak
camera were used to measure temporally and spectrally resolved emission from
intact phycobilisomes and from individual phycobiliproteins as a function of excita-
tion wavelength. Both wild-type and mutant phycobilisomes of the unicellular
cyanobacterium Synechocystis 6701 were examined, as well as two biliproteins, R-
phycoerythrin (240 kilodaltons, 34 bilins) and allophycocyanin (100 kilodaltons, 6
bilins). Measurements of intact phycobilisomes with known structural differences
showed that the addition of an average of 1.6 phycoerythrin disks in the phycobili-
some rod increased the overall energy transfer time by 30 = 5 picoseconds. In the
isolated phycobiliproteins the onset of emission was as prompt as that of a solution
of rhodamine B laser dye and was independent of excitation wavelength. This
imposes an upper limit of 8 picoseconds (instrument-limited) on the transfer time
from “‘sensitizing’’ to ‘‘fluorescing’’ chromophores in these biliproteins. These
results indicate that disk-to-disk transfer is the slowest energy transfer process in
phycobilisomes and, in combination with previous structural analyses, show that
with respect to energy transfer the lattice of approximately 625 light-harvesting
chromophores in the Synechocystis 6701 wild-type phycobilisome functions as a

linear five-point array.

Conversion of light energy to chemical
potential in biological photosynthetic
systems is accomplished in macromo-
lecular complexes composed of polypep-
tides and pigment molecules. A general
feature of these complexes is the pres-
ence of numerous chromophores (‘‘an-
tenna pigments’’), which absorb light
and transfer the excitation quantum to a
special chlorophyll or bacteriochloro-
phyll molecule in the ‘‘reaction center”’
for subsequent conversion to electron
flow (). Such complexes often contain
several hundred antenna chromophores
per reaction center. Since the overall
quantum efficiency for the transfer of
energy from the antenna to the reaction
center is typically ~90 percent (/), ener-
gy transfer to the reaction center must
compete successfully with pathways of
energy dissipation in the antenna, such
as fluorescence and nonradiative decay.
Because most light-harvesting complex-

es are integral membrane components,
information on the details of their molec--
ular architecture is limited (2). Conse-
quently, the structural basis for the high-
ly efficient transfer of energy in these
systems is not understood. However, an
opportunity to correlate the structure
and function of one light-harvesting sys-
tem is provided by the phycobilisome, an
antenna complex that efficiently funnels
light energy collected over a broad spec-
tral region and a large spatial area to the
reaction center of photosystem II in
cyanobacteria and red algae (3).
Phycobilisomes are peripheral mem-
brane complexes that can be readily iso-
lated without perturbing their structural
and functional properties (3). Phycobili-
some morphology depends on organis-
mal origin. These particles have molecu-
lar weights from 7 x 10° to 15 x 10°,
contain between 300 and 800 tetrapyrrole
(bilin) chromophores, and absorb light
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