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and by their differing patterns of reactiv- 
ity with T cell lines. The binding pattern 
of OKT4 was quite distinct from OKT1 
and OKT3; OKT4 bound only 55 percent 
of peripheral T cells and 80 percent of 
thymocytes. Furthermore, the pattern of 
binding of OKT4 to T cell lines was dis- 
tinct from that of OKT1 and OKT3. De- 
tailed studies demonstrated that OKT1, 
OKT3, and OKT4 were all nonreactive 
with peripheral B cells, monocytes, 
granulocytes, null cells, and B cell lines 
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We have previously shown that the 

OKTI+ population of peripheral lympho- 
cytes are indeed the cells responsible for 
the T cell functions of mitogen reactiv- 
ity, mixed lymphocyte culture respon- 
sivity, and proliferate response to sol- 
uble antigens. Furthermore we have 
shown that OKT1 defines a minor popu- 
lation of thymocytes responding in 
mixed lymphocyte culture but lacking 
mitogen responsivity (9). Preliminary 
studies suggest that OKT4+ peripheral 
cells contain the helper T cell popu- 
lation. 

Our present studies demonstrate the 
generation of monoclonal antibodies 
identifying antigens restricted to func- 
tional subclasses of T cells. Although our 
procedures entailed immunizing mice 
with the entire range of antigens repre- 
sented on human T cells, we were able to 
retrieve hybrid cells producing mono- 
clonal antibody reacting selectively with 
T cell subpopulations. Such antibodies 
should be invaluable for both diagnosis 
(10) and therapy (11) in clinical medicine. 
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Infections due to Mycoplasma pneu- 
moniae are a major cause of respiratory 
disease in children and young adults (1). 
The general clinical spectrum of the dis- 
ease ranges from upper respiratory tract 
infections, bronchitis, and tracheitis to 
primary atypical pneumonia (1). The dis- 
ease is self-limiting and rarely fatal (2). 

Investigations of the cellular basis of 
experimental and natural M. pneumo- 
niae disease (2-4) have revealed cilio- 
stasis and degenerating abnormal epithe- 
lial cells. Ultrastructural and biochem- 
ical studies also have demonstrated that 
in order to be fully pathogenic the orga- 
nism must be specifically oriented to the 
host cell epithelial surface by means of a 
specialized terminal organelle (4). With 
the use of the freeze-etch technique, a 
new facet of the pathogenesis of experi- 
mental M. pneumoniae disease has been 
revealed. In these experiments, freeze- 
etching of hamster tracheal epithelium 
after incubation in organ culture with 
virulent M. pneumoniae demonstrated 
marked configurational alterations of the 
membrane-associated particles of the 
cilia (5). 

Inspection of the freeze-etch replicas 
showed that control epithelial cells main- 
tained in organ culture up to 48 hours re- 
tained ultrastructural integrity with their 
in vivo correlates (Fig. 1, A and B). A 
particularly prominent feature revealed 
by freeze-etching was the ciliary neck- 
lace, a complex of membrane-associated 
particles at the base of each cilium (6). 
The ciliary necklaces of epithelial cell 
cilia from tracheae fixed immediately af- 

Infections due to Mycoplasma pneu- 
moniae are a major cause of respiratory 
disease in children and young adults (1). 
The general clinical spectrum of the dis- 
ease ranges from upper respiratory tract 
infections, bronchitis, and tracheitis to 
primary atypical pneumonia (1). The dis- 
ease is self-limiting and rarely fatal (2). 

Investigations of the cellular basis of 
experimental and natural M. pneumo- 
niae disease (2-4) have revealed cilio- 
stasis and degenerating abnormal epithe- 
lial cells. Ultrastructural and biochem- 
ical studies also have demonstrated that 
in order to be fully pathogenic the orga- 
nism must be specifically oriented to the 
host cell epithelial surface by means of a 
specialized terminal organelle (4). With 
the use of the freeze-etch technique, a 
new facet of the pathogenesis of experi- 
mental M. pneumoniae disease has been 
revealed. In these experiments, freeze- 
etching of hamster tracheal epithelium 
after incubation in organ culture with 
virulent M. pneumoniae demonstrated 
marked configurational alterations of the 
membrane-associated particles of the 
cilia (5). 

Inspection of the freeze-etch replicas 
showed that control epithelial cells main- 
tained in organ culture up to 48 hours re- 
tained ultrastructural integrity with their 
in vivo correlates (Fig. 1, A and B). A 
particularly prominent feature revealed 
by freeze-etching was the ciliary neck- 
lace, a complex of membrane-associated 
particles at the base of each cilium (6). 
The ciliary necklaces of epithelial cell 
cilia from tracheae fixed immediately af- 

W. C. Moloney, S. F. Schlossman, Blood 53, 
1066 (1979). 

11. A. B. Cosini, H. H. Wortis, F. L. Delmonico, P. 
S. Russell, Surgery 80, 155 (1976); R. L. Edel- 
son et al., Cancer Chemother. Rep. 63, 675 
(1979). 

12. D. H. Margulies, W. M. Kuel, M. D. Scharff, 
Cell 8, 405 (1976). 

13. We thank M. D. Scharff (Albert Einstein College 
of Medicine) for providing the P3 x 63Ag8U, 
myeloma cell line for cell fusion; A. Penta, C. 
O'Brien, J. McDowell, K. Singer, M. A. Talle, 
and M. DeMaria for technical assistance; and 
L. M. Grappi and C. Brain for secretarial 
assistance. The research was supported in part 
by NIH training grant CA 09172 and NIH 
grants AI 12069, AI 19589, and CA 06516. 

7 May 1979; revised 20 June 1979 

W. C. Moloney, S. F. Schlossman, Blood 53, 
1066 (1979). 

11. A. B. Cosini, H. H. Wortis, F. L. Delmonico, P. 
S. Russell, Surgery 80, 155 (1976); R. L. Edel- 
son et al., Cancer Chemother. Rep. 63, 675 
(1979). 

12. D. H. Margulies, W. M. Kuel, M. D. Scharff, 
Cell 8, 405 (1976). 

13. We thank M. D. Scharff (Albert Einstein College 
of Medicine) for providing the P3 x 63Ag8U, 
myeloma cell line for cell fusion; A. Penta, C. 
O'Brien, J. McDowell, K. Singer, M. A. Talle, 
and M. DeMaria for technical assistance; and 
L. M. Grappi and C. Brain for secretarial 
assistance. The research was supported in part 
by NIH training grant CA 09172 and NIH 
grants AI 12069, AI 19589, and CA 06516. 

7 May 1979; revised 20 June 1979 

ter resection were comprised of general- 
ly five rows of evenly spaced particles at 
the base of each cilium which extended 
up the shaft a distance of approximately 
0.2 t,m (Fig. 1A). Other membrane-asso- 
ciated particles appeared scattered ran- 
domly and uniformly over the fractured 
surfaces of the cilia (Fig. 1A). This con- 
figuration of ciliary necklace and mem- 
brane-associated particles was reliably 
retained with minimum variability in 
control organ culture specimens for up to 
48 hours (Fig. IB). The membrane-asso- 
ciated particles of the ciliary necklaces 
and on the shafts of the cilia measured 
approximately 100 A in diameter in both 
freshly fixed and organ culture speci- 
mens. 

Replicas from the experimentally in- 
fected specimens showed that the highly 
organized ciliary necklaces were severe- 
ly altered within the first 24 hours. In 
some cases, roughly organized remnants 
of the necklaces were observed; how- 
ever, the general view of this area illus- 
trated the complete disarray of the neck- 
lace particles and, in many cases, the cil- 
iary necklace was completely absent 
(Fig. 1C). Membrane-associated parti- 
cles observed over the ciliary shaft in in- 
fected specimens also measured approxi- 
mately 100 A in diameter and appeared 
clumped and unevenly distributed. 

Our studies have indicated that a rela- 
tively heavy inoculum of the pathogen is 
necessary to produce disorganization 
and decreased frequency of ciliary beat 
in vitro. In the infected tissues, M. pneu- 
moniae is observed frequently inter- 
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of ciliary membrane-associated particles in response to a specific infectious agent. 
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spersed among the cilia and specifically 
oriented to the host cell surface (Fig. 
1C). From these studies it is not clear 
whether direct contact of organism and 
cilium is required for membrane altera- 
tion or injury (or both), or whether the 
effect is secondary to more general dam- 
age to the epithelial cells. 

Our studies reflect an important in vi- 

tro correlate of natural M. pneumoniae 
disease. The ciliary necklace is thought 
to function in concert with the 9 + 2 mi- 
crotubular doublets of the cilium (an ar- 

rangement of nine peripheral pairs and 
two central pairs of ciliary microtubules 
visible by electron microscopy when the 
cilium is viewed in cross section) as a 
membrane-microtubule complex (6). It 

has been suggested that the necklace 
may function much as a timing device for 
the ciliary beat by regulating localized 
membrane permeability (6). The dis- 
ruption of the ciliary necklace observed 
in infected epithelium may represent the 
basis for in vitro ciliostasis. In natural 
disease the diminished ability of cilia to 
clear the pathogen as well as secretions 
from the respiratory tract during infec- 
tion may provide an optimal environ- 
ment for increased colonization by this 
pathogen during the course of the dis- 
ease. Ciliary dysfunction may also relate 
to the clinical feature of prolonged par- 
oxysmal cough and to the pathologic find- 
ing of segmental or subsegmental atelec- 
tasis in the lung. 

To our knowledge these findings com- 
prise the first report of the altered dis- 
position of ciliary membrane-associated 
particles in response to a specific infec- 
tious agent. Such alterations may reflect 
critical changes in the structure, posi- 
tion, and function of integral membrane 
proteins of the cilia. The freeze-etch 
technique employed for these studies has 
provided an additional perspective to the 
study of infectious disease pathogenesis 
at the molecular level. 
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Center, University of North 
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Fig. 1. (A) Electron micrograph demonstrating the structure of ciliary necklaces on the P-frac- 
ture face of hamster tracheal epithelium fixed immediately upon resection (arrows). The neck- 
lace is comprised of four to six, generally five, evenly spaced strands of membrane-associated 
particles at the base of each cilium. Note also the uniform distribution of particles on the shafts 
of the cilia. Bar equals 100 nm. (B) Electron micrograph illustrating the retention of the ciliary 
necklaces of epithelial cell cilia that may be observed after 24 hours of incubation in tracheal 
organ culture (arrows). Bar equals 100 nm. (C) Freeze-etch preparation of tracheal epithelial 
cells incubated in organ culture for 24 hours with virulent Mycoplasma pneumoniae. A myco- 
plasma cell indicated by an asterisk (,^) is seen between two cilia (C). Black arrows at the bases 
of the cilia indicate areas of disrupted and absent ciliary necklaces in both E- and P-fracture 
faces. White arrows indicate areas of clumping of membrane-associated particles on the ciliary 
shaft. Bar equals 100 nm. 
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Neural Axis Representing Target Range 
in the Auditory Cortex of the Mustache Bat 

Abstract. In echolocating bats, the primary cue for determining distance to a tar- 
get is the interval between an emitted orientation sound and its echo. Whereas fre- 
quency is represented by place in the bat cochlea, no anatomical location represents 
target range. Target range is coded by the time interval between grouped discharges 
of primary auditory neurons in response to both the emitted sound and its echo. In 
the frequency-modulated-signal processing area of the auditory cortex of the mus- 
tache bat (Pteronotus parnellii rubiginosus), neurons respond poorly or not at all to 
synthesized orientation sounds or echoes alone but respond vigorously to echoes fol- 
lowing the emitted sound with a specific delay from targets at a specific range. These 
range-tuned neurons are systematically arranged along the rostrocaudal axis of 
the frequency-modulated-signal processing area according to the delays to which 
they best respond, and thus represent target range in terms of cortical organiza- 
tion. The frequency-modulated-signal processing area therefore shows odotopic 
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In the mustache bat (Pteronotus par- 
nellii rubiginosus), the auditory cortex 
has been found to have at least three spe- 
cialized areas for processing different 
types of biosonar information: the Dop- 
pler-shifted constant-frequency (DSCF), 
frequency modulated (FM), and CF/CF 
processing areas (Fig. 1A) (1-6). Neu- 
rons of the DSCF processing area are ar- 
ranged along two axes, one representing 
echo amplitude (target subtended angle), 
the other representing echo frequency 
(target velocity information) (2). The 
DSCF processing area consists of two 
functional subdivisions adapted for tar- 
get detection or localization (3). The FM 
and CF/CF areas process information 
carried by different combinations of in- 
formation-bearing elements in the emit- 
ted biosonar signal and its echo (4-6). 
We report that the FM processing area 
represents target-range information 
along an anatomical axis without a corre- 
sponding anatomical dimension at the 
periphery. 

The mustache bat emits biosonar sig- 
nals (orientation sounds), each of which 
contains four harmonics. Each harmonic 
consists of a CF component and an FM 
component. Therefore, there are eight 
components (CF,_4, FML_4) in each emit- 
ted signal (1, 5, 7). Echoes that elicit be- 
havioral responses in the mustache bat 
always overlap with the emitted signal 
(inset, Fig. 1C). As a result, biosonar in- 
formation must be extracted from a com- 
plex sound with up to 16 components. 
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get detection or localization (3). The FM 
and CF/CF areas process information 
carried by different combinations of in- 
formation-bearing elements in the emit- 
ted biosonar signal and its echo (4-6). 
We report that the FM processing area 
represents target-range information 
along an anatomical axis without a corre- 
sponding anatomical dimension at the 
periphery. 

The mustache bat emits biosonar sig- 
nals (orientation sounds), each of which 
contains four harmonics. Each harmonic 
consists of a CF component and an FM 
component. Therefore, there are eight 
components (CF,_4, FML_4) in each emit- 
ted signal (1, 5, 7). Echoes that elicit be- 
havioral responses in the mustache bat 
always overlap with the emitted signal 
(inset, Fig. 1C). As a result, biosonar in- 
formation must be extracted from a com- 
plex sound with up to 16 components. 
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Neurons in the FM processing area are 
maximally excited only when an echo 
from an orientation sound arrives after a 
particular delay. The essential elements 
in such paired stimuli are the first har- 
monic FM component (FM1) in the ori- 
entation sound and one or more higher 
harmonic FM components (FM2_4) in the 
echo. Therefore, these neurons are 
called FMi-FM,, facilitation neurons (4, 
5). 

One of the most important aspects of 
echolocation is ranging. The primary cue 
for ranging is the delay of the echo from 
the emitted sound. The FM,-FM, facili- 
tation neurons are sensitive to this de- 
lay and are therefore range-sensitive. 
Range-sensitive neurons can be classi- 
fied into two categories, tracking and 
range-tuned. The best delays (BD's) (8) 
of tracking neurons shorten and their 
delay-tuning curves become narrower as 
the bat changes the signal repetition rate 
and duration as it approaches a target. 
These neurons zero in on the target, re- 
jecting echoes from more distant objects 
(4, 5). Range-tuned neurons, on the other 
hand, are tuned to particular echo 
delays, regardless of repetition rate and 
duration of paired stimuli. They respond 
to the target only when it is within a cer- 
tain narrow range (5). The obvious ques- 
tion is whether range-tuned neurons with 
different BD's (that is, best ranges) are 
systematically arranged along an axis in 
the FM processing area to represent tar- 
get range information. 
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Experiments were performed with 12 
mustache bats collected in Panama. The 
activity of single neurons was recorded 
in unanesthetized bats with a tungsten- 
wire electrode (5- to 10-,um tip) during 
the period from 4 days to 4 weeks after 
surgery to expose the skull. When neces- 
sary, local anesthetic (Xylocaine) and 
tranquilizer (droperidol) were adminis- 
tered. Acoustic stimuli were pure (CF) 
tones, FM sounds, and combinations of 
them that mimicked the biosonar signal- 
echo pair in the search, approach, and 
terminal phases of echolocation in this 
species (9). The stimuli were delivered 
from a loudspeaker 73 cm in front of the 
animal in a soundproof, echo-suppressed 
room. For details of the surgery and the 
stimulation and recording systems, see 
(4) and (5). 

In the first stage of our experiment, we 
inserted an electrode orthogonal to the 
surface of the FM processing area and 
recorded single-unit activity at various 
depths to determine whether there was 
columnar organization for response pa- 
rameters, such as best frequency, mini- 
mum threshold, and frequency band- 
width, with pure tones, FM sounds, and 
pairs of sounds used to elicit facilitation. 
We also measured BD, threshold at BD, 
and width of the delay-tuning curves 
with pairs of sounds eliciting the strong- 
est facilitation. Neurons at depths be- 
tween 200 and 1000 1/m had nearly iden- 
tical response characteristics, including 
BD's. (At depths less than 200 /um, the 
signal-to-noise ratio was usually small 
and responses to acoustic stimuli were 
poor.) 

Confirmation of the columnar organi- 
zation of BD's simplified our study of 
cortical representation of target range, 
because we could rely on the uniformity 
of activity at different depths in the cor- 
tex. To gather data from many locations 
in the cortical plane, we inserted the 
electrode at a 30? angle into the FM pro- 
cessing area; neuronal responses were 
studied at 200-A/m intervals. We plotted 
BD's of range-tuned neurons only on a 
surface map of the cerebral cortex that 
was drawn prior to the recordings. 

The FM processing area consists of 
three major clusters: FMi-FM:,, FM,- 
FM4, and FM1-FM2 facilitation neurons 
(4), which are usually arranged dorsal to 
ventral in that order (Fig. 1B). For each 
electrode penetration through those clus- 
ters in the rostrocaudal direction, BD 
systematically varied. Figure lB gives a 
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contour lines that comprise a target- 
range axis. Neurons with extremely 
short BD's were recorded only at the 
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