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De Gzrstibw Nim Est D i r p l t a h  A Spiral Center for 
Taste in the Brain afthe Teleost Fish, Hetmtk nilotictrs 

The telw fish, H M  nilotinu, has elaborate paired, spiraled phvyngcll structurrs 
that aid in concentrating and swallowing had. These epibtvlchial organs are lined by 
an euithelium rich in taste buds. Both the taste buds and the muscles of the 
epibrHnchial organs are innervated by components of the vagal nerve. Horseradish 
bezoxidase neuronal tracinn exueriments show that these nerve fibers are connected 

to an enormous &i&chial portion of the vagal 1- special visceral 
sensorg and motor region of the medulla. Tht epibranchial portion of the vagal lobe is 
among the most remarkable structures h d  in the brains of vertebrates, for it is itself 
a spiral. 

A NUMBER OF SPECIES OF TELBOSI'E- 
an fishes have paired structures at 
the posterior end of the pharynx 

that function as accessory digestive organs 
aiding in both concentrating and swallow- 
ing food particles. These pharyngeal struc- 
tures, peral ly  known as epibranchial or- 
gans (1-3), are secondary upgrowths of the 
walls of the most posterior gill pouch and 

are intimately associated with the epibran- 
chid portions of the fourth and fifih gill 
arches. Epibranchial organs occur in some 
m e m 6  of four groups of teleosts: Osteo- 
glasiirmes (one species), Clupeifbrrnes 
(many), Gonorynchifbrmes (possibly all), 
and Characiformes (some). On the basis of 
their distribution and their various mor- . 
phologies, epibranchial organs are believed 

Fig. 1. Epibranchiai organ of H d .  (A) Lateral view of right @nmckal organ and adjoining gill 
arch fiom a 27-an specimen. Scale bar, 0.5 an. (B) Line of a tramvase pantfin d o n  
through the epibranchial organ from a slightly smaller specimen. The white arrow in (A) indicates the 
level of this section. Scale bar, 0.5 an. (C) Line drawing of a section through a single turn (enlarged) of 
the epibranchial organ shown in (B). In both (B) and (C) the camlaginow capsule of the epibranchial 
organ is shown in solid black. Arrows in the upper right indicate dorsal and lateral dirccdons for both 
(B) and (C). Abbreviations: C, central portion of the lumen; E, epithelium rich in taste buds and 
mucous glands, L, lumen; Wsmated muscles; p, peripheral portion of lumen; R, modified gill rakers; 
X, portion of the vagal nerve that innervates the epibranchial organ. 

to have evolved independently in each of 
these major groups in relation to the repeat- 
ed evolution of microphagous habits (1). 

Among the most elaborate of the known 
epibranchial organs are those of the k h w a -  
ter African species, H c t d  nilorinrs (family 
Osteoglossidae). In Hctnotir, each epibran- 
chid organ consists of a flattened, blind tube 
that is coiled concentrically on itself, form- 
ing a spiral (Fig. 1). The number of turns of 
the spiral inazases with the age and size of 
the fish, and organs with as many as seven 
complete revolutions have been reported in 
large specimens (4). Each epibranchial or- 
gan resembles a coiled snail shell and has the 
overall shape of a hemisphere with its con- 
vex surface facing medially. The right epi- 
branchial organ forms a left-handed, or 
dockwise, spmd, and the left organ, a right- 
handed spiral. 

The entire coiled tube is enclosed in a 
cdagino& supporting capsule (Fig. 1). 
Peripherally, the lumen of the tube forms a 
trough or canal that opens posteriorly into 
the opercular cavity. This trough is bordered 
at either edge by a row of modified gill 
rakers that serve as a sieve or screen separat- 
ing the peripheral trough from the remain- 
der of the lumen of the tube. Centrally the 
lumen of the tube fbrms a small groove that 
is confluent with the buccal cavity near the 
esophageal opening. Between the peripheral 
trough and the central groove the lumen is 
walled on either side by striated musdes and 
lined by an epithelium containing many 
mucous glands and numerous taste buds 
(4). 

In teleostean fishes, as in all vertebrate 
groups, taste buds are innervated by sensory 
components of the facial (VII), glosopha- 
ryngeal (M), and vagal (X) cranial nerves. 
The gustatory fibcrs terminate centrally in 
the special visceral sensory region of the 
medulla, which in most teleosts consists of 
paired longitudinal columns of cells and 
neuropil that bulge somewhat into the 
fburth ventride. In a few groups-notably 
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Fig. 2. Dorsolateral view of the brain of HmroCir. 
Note the paired, spiraled pomons of the vagal 
lobe; they arc innervated by a massive component 
of the vagal nerve that is connected peripherally to 
the epibranchial organ. Scale bar, 0.5 un. Abbre- 
viations: Cb, cerebellum; CC, cerebellar crest 
overlying the lateral line pomon of medulla; Hy, 
hypothalmus; 01, olfactory nerve; OT, optic tec- 
turn; SC, spinal cod,  Tel, telencephalon; Xe, 
epibranchial pomon of vagal nerve. 

the cypriniiorms, siluroids, and gadifbrms- 
the special visceral sensory region is hyper- 
trophied forming large dorsal bulges known 
as the facial and vagal lobes (5). The bran- 
chid muscles of the gill arches and their 
derivatives are innervated by motoneurons 
formine a column of cells near the visceral 

0 

sensory column and sending their axons out 
via the mgeminal (V), facial (VII), glosso- 
pharyngeal (E), and vagal (X) nerves. 

In Hcteroh, the taste buds and striated 
muscles of the epibranchial organ are inner- 
vated by sensory and motor components of 
an extremely large branch of the vagus 
nerve. These nerve fibers are connected to a 
specialized, caudal portion of the vagal lobe. 
This "epibranchial" portion of the vagal lobe 
is not only very lare, constituting about 15 
percent of the entire brain in Hetmh (6), 

but is also among the most remarkable 
structures found in the central nervous svs- 
tern of any vertebrate. The epibranchial por- 
tion of the vagal lobe is itself a spiraled 
structure (Fig. 2) (77, forming a left-handed 
spiral on the right side of the brain and a 
right-handed spiral on the left side. The base 
of each spiral is continuous rostrally with the 
ordinary vagal lobe, and the axis of each 
spiral points slightly rostrolaterally. The 
dorsal surface of the epibranchial portion of 
the vagal lobe is the ependymal layer to 
which is apposed a subependymal, periven- 
mcular layer of small, granule cells. Deep to 
these cells lies a region of neuropil, and deep 
to it, a collection of large, multipolar cells. 
The central core of the spiral contains affer- 
ent and decent fibers (Fig. 3). 

To demonstrate the cen& connections of 
the fibers innervating the taste buds and the 
musdes of the epibranchial organ, horserad- 
ish peroxidase (HRP) was applied to re- 
stricted portions of the organ in a number of 
separate experiments, and the distribution of 
HRP-labeled fibers, terminals, and cell bod- 
ies was analyzed (8). Labeled fibers were 
seen in the large epibranchial branch of the 
vagal nerve and labeled sensory neurons 
wire seen in the large ganglionTassociated 
with that branch. The central processes of 
these sensory neurons were traced into the 
epibranchial portion of the vagal lobe, 
where they terminate in the neuropil layer. 
Deep to, and apparently in register with, 
these afferent terminals were a number of 
retrogradely labeled multipolar motoneu- 
rons. This arrangement suggests that the 

Fig. 3. Transverse section through the epibranchial pomon of the va@ lobe in Hctrrocir. Photomicro- 
graph (left) of a parah section stained with uesyl violet. Line drawmg (right) indicating some of the 
st~ctcues present. Scale bar, 1 mm. Abbreviations: f, fiber layer; g, clusters of &on cells of vagal 
nerve; m, motoneuron layer; df, medial longitudinal faxicullus; n, neuropil region; rf, reticular 
formation; s, subependymal layer of granule cells; t, tela choroidea; v, fourth venmcle; X, vagal nerve. 

sensory input h m  the taste buds may be 
used to guide the manipulation of food 
carried out by the muscles of the epibran- 
chid organ. A similar suggestion concerning 
the palatal organ in cyprinids has been made 
by Finger (9). The HRP experiments dem- 
onstrate that in Hetmk the spiraled epi- 
branchial organ maps onto the spiraled por- 
tion of the vagal lobe: base to base and apex 
to apex. 

Like the epibranchial organ, the spiraled 
epibranchial vagal lobe displays an increased 
size and a greater number of turns in older 
and larger specimens (lo). This continuous ' 
growth appears to make it possible for the 
epibranchial portion of the vagal lobe to 
provide a continuously expanding sensory 
region in the brain on which the continu- 
ously increasing number of sensory fibers 
carrying information fiom the taste buds can 
terminate. The best known spiraled end 
organ-the mammalian c d e a - d o e s  not 
project on to a spiraled central structure, nor 
do the central projections of the c d e a  
suggest its shape. Perhaps this is because the 
spiraled form of the cochlea develops before 
it is connected to the brain and both the 
cochlea and its nuclei are of determinate 
growth. 

Although a number of other teleosts pos- 
sess epibranchial organs, none of them are 
closely related to Hetmh and in none of 
them is the structure of the organ similar to 
that ofHetmh. In the few species that have 
been examined the vagal lobes are relatively 
pedesman (11). Thus, even though other 
specialized "epibranchial" vagal lobes may 
be discovered in the future, the remarkable, 
spiraled gustatory region of the brain of 
Hetmh may well be unique. 
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Molecular Analysis of the t(2; 14) Translocation of 
Childhood Chronic Lymphocytic Leukemia 

Two rare cases of chronic lymphocytic leukemia (CLL) in children have been studied; 
both are associated with a previously undescribed chromosomal translocation 
[t(2;14)(pl3;q32)]. In one patient the translocation was reciprocal and the breakpoint 
on chromosome 14 occurred just 5' of the CYz region on the productive immunoglob- 
ulin heavy-chain allele. The breakpoint on chromosome 2 does not involve the K locus 
but lies within an uncharacterized region that coincides with the position of a 
constitutive fragile site that occurs within normal lymphocytes. Data on the second 
patient are consistent with these findings and suggest that these cases represent a rare 
but distinct subgroup of CLL's with a specific cytogenetic change. 

M ALIGNANCIES ARE OFTEN ASSO- 
ciated with specific chromosomal 
translocations which are now 

thought to represent a discrete step in tumor 
development (1 ) . Chronic lymphocytic leu- 
kemia (CLL) is the most prevalent form of 
leukemia in Western countries, but cytoge- 
netic a "yrmalities associated with the dis- 
ease at \/'+able (2). Approximately half of 
all CLi's exhibit a normal karyotype. The 
most frequent cytogenetic change observed 
is trisomy 12. Translocations involving 
14q32, which are common in Burkitt's and 
follicular lymphomas (3) ,  are found in only 
10 percent of CLL tumors. 

CLL is found almost exclusively in the 

Fig. 1. Tumor chromosomes 2,2p-, 14q+, and 
14. A diagramatic representation of the translo- 
cated chromosomes is compared with that of the 
normal alleles. The breakpoints for both patients 
were found to be at 2p13 and 14q32 (5 ) .  The p 
and q denote the short and long arm, respectively, 
for each chromosome. Chromosomal structure is 
as presented in ISCN (10). The location of the 
genes for POMC, NP (1 I ) ,  and the irnmunoglob- 
ulin heavy- and light-chain gene segments are 
shown (6). The added material on the 14q+ is 
derived from the short arm of chromosome 2 
(leaving a 2p-), but it could not be determined 
by cytogenetic analysis whether or not the translo- 
cation was reciprocal (that is, whether or not a 
small portion of chromosome 14 resides on the 
2p-). Fibroblasts from patient L.H. displayed a 
normal karyotype and could not be induced to 
express any constitutional fragile sites (12). 

middle-aged to elderly adult population (4). 
However, two children (L.H. and AS.)  
were recently diagnosed as having a B-cell 
leukemia closely resembling CLL (5 ) .  The 
tumor cells of both patients display a previ- 
ously undescribed chromosomal transloca- 
tion with breakpoints occurring in band 13 
on the short arm of chromosome 2 and band 
32 on the long arm of chromosome 14 
[ t (2 ;14)(~13;~32)]  (Fig. 1). 

The proximity of the t(2;14) breakpoints 
to the mapped position of the immunoglob- 
ulin heavy chain (IgH) and irnmunoglob- 
ulin K chain ( I ~ K )  loci (4, and the involve- 
ment of these genes in the translocations of 
other B-cell malignancies, suggested that Ig 
genes or their associated sequences may have 
played a role in the generation of the t(2;14) 
translocation. 

The specific involvement of Ig sequences 
was determined by isolating the tumor chro- 
mosomes of interest from patient L.H. 
within separate somatic cell hybrids. These 
cell lines were then analyzed by several 
methods for the presence of specific genes 
(Fig. 1 and Table 1). Heterohybrid 4-D2 
had the untranslocated tumor chromosome 
14. It retains one of two tumor Ig joining 
region (JH) alleles (Fig. 2A), Cal and Caz 
(Fig. 2B), as well as the more centromeric 
marker for chromosome 14, nucleoside 
phosphorylase (NP), but lacks any of the 
genes located on chromosome 2 (Table 1). 
The hybrid 8-D5.IB5 has the other JH allele, 
as weh as C, (Fig. 2A), Cg (Table l ) ,  and 
Cal (Fig. 2B), but does not have the more 
centromeric Ca2 segment or the gene for NP 
(Table 1). In addition, this hybrid bears one 
of the tumor K alleles but lacks the POMC 
gene (pro-opiomelanocortin) from the distal 
end of the short arm of chromosome 2. 
Therefore, 8-D5.IB5 has retained the tumor 
2p- chromosome. The complementary set 
of loci corresponding to the tumor 14q+ 
chromosome are found within the heterohy- 
brid 12-B3 (Table 1). These results establish 
that the breakpoint on chromosome 14  has 
occurred between Cal and Caz. They also 
show that the translocation was reciprocal, 
since the more distal IgH genes of one allele 
are located on the tumor 2p- chromosome. 
The presence of a single rearranged C, allele 
in LH, and the absence of C, and C8 in 4- 
D2, reveals that the untranslocated tumor 
chromosome 14 has undergone a recombi- 
nation event within the IgH locus resulting 
in the loss of these gene segments. The 
tumor cells of patient AS.  also had a single 
rearranged C, gene segment (Fig. 2A), sug- 
gesting that a similar event had occurred in 
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