
as the hippocampus tended to show con- 
siderable depression (see Fig. 2 ) .  

The flattening o f  the hippocampal 
EEG is consistent with the inhibitory 
effects o f  dynorphin observed here on 
single hippocampal cell firing. As shown 
in Fig. 1 ,  both dynorphin and des-Tyr- 
dynorphin produced a dose-related de- 
pression o f  the spontaneous and gluta- 
mate-induced firing o f  hippocampal py- 
ramidal cells. Brief (10 to 30 seconds) 
applications of  dynorphin inhibited on- 
going activity in 18 o f  24 and 18 o f  21 
pyramidal neurons tested in CAI and 
CA3, respectively. This inhibitory effect 
o f  dynorphin was typically rapid in on- 
set, showed little evidence o f  tachyphy- 
laxis, and was produced equally well by 
both iontophoretic and pressure ejection 
o f  the peptide. At higher doses rebound 
increases in firing were often observed 
when ejection o f  the peptide was termi- 
nated. In contrast to the effects observed 
with enkephalin, dynorphin produced 
excitation in only 2 o f  45 neurons. More- 
over, the opiate-inactive fragment, des- 
Tyr-dynorphin, produced comparable in- 
hibitions in 9 o f  12 cells tested (seven in 
CAI and five in CA3). Consistent with 
this finding, iontophoretically applied 
naloxone (up to 40 nA) failed to reverse 
(five o f  five cells) or prevent (three o f  
three cells) the effects o f  dynorphin on 
hippocampal neurons. 

Despite the marked potency o f  dynor- 
phin on neuronal populations as indicat- 
ed by the EEG, single unit data, and 
motor effects, no statistically significant 
changes in pain sensitivity were ob- 
served in the tail-flick test [F(1, 6) = 

1.09, not significant]. In fact, treatment 
with dynorphin accounted for less than 1 
percent o f  the total variance in the ex- 
periment (w2 = .008). Similarly, there 
were no changes observed in heart rate 
after administration o f  dynorphin [F(1, 6) 
< 1 ,  N.S.].  

These experiments document wide dif- 
ferences between dynorphin-(1-17) and 
the classic narcotics and endorphins in a 
variety o f  systems in vivo. Whereas P- 
endorphin and many alkaloid narcotic 
agonists induce sedation and catonic-like 
postures, dynorphin induces unusual 
contorted postures. Whereas narcotics 
typically increase the discharge rate o f  
hippocampal pyramidal neurons, dynor- 
phin inhibits these cells. Whereas opi- 
ates typically induce electroencephalo- 
graphic seizures in the rat (12), dynor- 
phin produces LSWA.  Similarly, the 
pharmacological susceptibilities o f  the 
dynorphin-induced changes distinguish 
them from typical opiate effects. The 
motor and electrophysiological changes 
in the EEG and hippocampal unit firing 

induced by standard narcotics are readi- 
ly antagonized by naloxone while those 
induced by dynorphin are not. Perhaps 
most important, des-Tyr-dynorphin, a 
fragment with virtually no opiate-binding 
potential, elicits a pattern o f  motor and 
electrophysiological effects that are vir- 
tually indistinguishable from those pro- 
duced by dynorphin in our test systems. 
Consequently, it appears that a second 
biologically active sequence exists with- 
in the dynorphin molecule which is non- 
opiate but capable o f  potent physiologi- 
cal effects. 
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The Bimodal Perception of Speech in Infancy 

Abstract. Infants 18 to 20 weeks old recognize the correspondence between 
auditorially and visually presented speech sounds, and the spectral information 
contained in the sounds is critical to the detection of these correspondences. Some 
infants imitated the sounds presented during the experiment. Both the ability to 
detect auditory-visual correspondences and the tendency to imitate may reject the 
infant's knowledge of the relationship between audition and articulation. 

In conversation, speech is often pro- 
duced by talkers we can both see and 
hear. W e  see talkers' mouths move in 
synchrony with the sounds that emanate 
from their lips and recognize that the 
sequence o f  lip, tongue, and jaw move- 
ments correspond to the sounds we hear. 
Our recognition o f  these correspon- 
dences underlies our ability to lip-read. 
Recent experiments have demonstrated 
the impact o f  vision on speech percep- 
tion and suggest that in adults speech is 
represented, at some level, bimodally 
(1). 

The experiments reported here show 

.1138$01 0010 Copyr~ght D 1982 AAAS 

that 18- to 20-week-old infants can detect 
the correspondence between auditorially 
and visually perceived speech; in other 
words, they too manifest some o f  the 
components related to lip-reading phe- 
nomena in adults. This demonstration o f  
the bimodal perception o f  speech in in- 
fancy has important implications for so- 
cial, cognitive, and linguistic develop- 
ment. 

The infants were shown two side-by- 
side filmed images of  a talker articulat- 
ing, in synchrony, two different vowel 
sounds (Fig. 1A). The sound track corre- 
sponding to one o f  the two faces was 
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i-E Familiarization Test  

1 ji Face  1 Face  2 1: 1 Both faces 1 
Auditory 

stimuli 
... ... 5 l a 1  ... l a 1  ... l a l . . . l a l  

Ii 1 I I 

Time 1 0  seconds 1 1 0  seconds 2 minutes 

Fig. I .  (A) Experimental arrangement of an infant placed in an 
infant seat within a three-sided cubicle, 46 cm from the two facial 
displays. (B) Experimental procedure. 

presented through a loudspeaker directly 
behind the screen and midway between 
the visual images. The visual stimuli 

The only source of visible light in the 
room was that provided by the films 

spectral information necessary to  identi- 
fy the vowels (formant frequencies) 

themselves. An infrared light was sus- 
pended above the test cubicle. An infra- 
red camera and microphone provided 
audiovisual recordings of the infants. 

while preserving their temporal charac- 
consisted of two 16-mm film loops, each 
containing a face repeating a sequence of 
ten la1 vowels (as in pop) and ten ti1 

teristics (amplitude and duration). These 
computer-generated signals were pure- 
tone stimuli centered at the average fre- 
quency of the female talker's fundamen- 
tal (200 Hz). Their onset-offset charac- 
teristics and their amplitude envelopes 

vowels (as in peep). The articulations 
were produced once every 3 seconds by 
the same female talker (2). One film loop 
displayed the la1 face on the left and the lit 
face on the right; the other loop dis- 
played them in the reverse orientation. 

The infant's visual fixations were scored 
from videotape by an independent ob- 
server who could neither hear the sound 
nor see the faces presented to the infant 
(3). 

We hypothesized that the auditorially 

were synthesized to duplicate those of 
the original vowels. If infants in experi- 
ment 1 were relying on temporal infor- 

The faces were 21 cm long and 15 cm presented vowel would systematically 
influence the infants' visual fixations. 
Specifically, we predicted that if infants 

mation to link particular face-voice 
pairs, then they should still look longer 
at the "matched" face, even though it 

wide; their centers were separated by 38 
cm. The auditory stimuli were 16-mm 
sound tracks containing sequences of I d s  detected the correspondence between 

the auditorially and visually perceived 
speech information, they would look sig- 

was represented only by its sine-wave 
analog (4). Alternatively, if the spectral 
information contained in the vowels was 

and lil's presented at  an average intensi- 
ty of 60-dB sound pressure level (range, 
55 to 64 dB). Either sound track could be nificantly longer at  the face that matched 

the sound. The results were in accord 
with this prediction. The percentage of 

necessary for the detection of these audi- 
tory-visual correspondences, perform- 
ance should now drop to chance. 

Thirty-two infants ranging in age from 
18 weeks and 1 day to 20 weeks and 0 
days (2 = 19.4) were tested using the 
same procedure as  experiment 1 and the 

played with either film loop. Stimulus 
durations fell within a narrowly con- 
strained range ( 2 ) ,  assuring, together total fixation time devoted to the 

matched versus mismatched face was 
calculated for each infant. The mean 

with the precise alignment of the sound 
and film tracks, that each sound track 
was temporally synchronized to both percentage devoted to the matching face 

was 73.6 percent, which is significantly 
different from the 50 percent chance lev- 
el [ t  (31) = 4.67, P < .001]. Twenty-four 

faces. 
The experimental procedure was one 

of familiarization and testing (Fig. 1B). 

new stimuli. The mean percentage of 
fixations to the matched face dropped to 
chance (54.6 percent, P > .40); only 17 

During familiarization, an infant was 
shown each face separately for 10 sec- 
onds without sound. Following this 20- 

infants looked longer at the face that 
matched the sound presented than at the 
mismatched face (P < .01, binomial 

infants looked longer at  it. Experiment 2 
thus suggested that some aspect of the 
spectral information was necessary. It 

second period, the faces were briefly 
covered until the infant's gaze returned 
to midline. Then the sound (either lal's 

test). There were no significant left-right 
preferences, face preferences, or famil- 
iarization order effects. 

will now be important to  determine if 
perception of the vowel's identity is re- 
quired to  produce the effect, or whether 

or lil's) was turned on and both faces 
were presented for the 2-minute test 
phase. The sound presented to the in- 

Experiment 1 demonstrated that 18- to 
20-week-old infants detect a cross-modal 
relationship between the auditory and 
visual products of articulation. It did not 
isolate the auditory information neces- 

an auditory signal approximating the 
spectral pattern of the vowel without 
identifying it is sufficient. 

An infant's ability to  detect equiva- 
lences between auditorially and visually 

fants, the left-right positioning of the two 
faces, the order of familiarization, and 
the sex of the infant were counterbal- sary for the detection of these correspon- perceived speech has implications for 
anced. The subjects were 32 normal in- 
fants ranging in age from 18 weeks and 0 
days to  20 weeks and 1 day (X = 19.3). 

dences. Experiment 2 constituted an ini- 
tial attempt to d o  so. The original audi- 
tory stimuli were altered to remove the 

theories of social, cognitive, and linguis- 
tic development. From a social perspec- 
tive, the recognition that a given audi- 



Adult Infant Adult Infant 

' roo i , , , , , , , , , , , , , , , , , , , , , , , , , , , , 
0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 

Time (sec)  

Fig. 2. The fundamental frequency (pitch) of the adult's and infant's vowels are shown as a 
function of time. Both the adult's and infant's contours are characterized by an initial rise and 
then a gradual fall in the fundamental frequency. Their durations are also similar. This display 
illustrates the infant's tendency to take turns. The infant's first vocalization was produced 112 
second after the adult's, the second, 114 second after. 

tory signal emanates from a mouth mov- 
ing in a particular way may help direct 
the infant's attention toward a specific 
speaker. This in turn may play a role in 
coordinating joint actions between in- 
fants and caretakers (5). These results 
are also relevant to  an emerging view of 
infant cognitive development. In this 
view, young infants are predisposed to 
recognize intermodal equivalences in the 
information picked up by different per- 
ceptual modalities, and that this ability 
underlies their success on a variety of 
cross-modal tasks (6, 7). 

The results are particularly relevant to 
theories of linguistic development. They 
suggest that infants relate specific articu- 
latory postures to their concomitant 
speech sounds. These findings could re- 
flect isolated auditory-visual associa- 
tions that were learned by watching care- 
takers speak. Alternatively, they could 
reflect a more general knowledge, 
learned or inherent, of the relationship 
between audition and articulation. Such 
knowledge might be quite broad, encom- 
passing information about the auditory, 
visual, and motor concomitants of 
speech. This latter alternative would im- 
ply that in addition to the auditory-visual 
equivalents demonstrated here, young 
infants may be cognizant of auditory- 
motor equivalents, exemplified by vocal 
imitation, and visual-motor equivalents 
exemplified by the imitation of visually 
presented articulatory movements (8). 
Such an intermodal representation of 
speech would be especially conducive to 
vocal learning (9). 

During these experiments we made 
two observations concerning vocal imi- 
tation that support this broader interpre- 
tation. (i) Ten infants who heard the 
vowel stimuli (experiment 1) produced 
utterances typical of babbling (lo),  
whereas only one infant who heard the 
pure-tone stimuli (experiment 2) did so. 
The speech stimuli thus seemed more 
effective in eliciting infant babbling than 
nonspeech stimuli. (ii) The infants in 
experiment 1 produced sounds that re- 
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sembled the adult female's vowels. They 
seemed to be imitating the female talker, 
"taking turns" by alternating their vo- 
calizations with hers. 

Figure 2 displays a single infant's imi- 
tation of the prosodic features of the 
adult's vowels-their intonation con- 
tours and overall durations. The adult 
produced a "declarative" contour; that 
is, a rise in the fundamental frequency 
followed by a longer, more gradual fall in 
the fundamental frequency. The infant 
mimics this rise-fall contour producing a 
pitch pattern that resembles the adult's 
(although it is higher in frequency be- 
cause the infant's vocal cords are shorter 
than the adult's). Rise-fall contours of 
this type are not common in the babbled 
utterances of infants at this age (10). The 
overall durations of the vowels, each 
about 1 second, are also similar. Sus- 
tained vowels of this duration, produced 
without consonant-like elements, are 
again infrequent in the babbled utter- 
ances of infants at this age (10). Such 
vocal productions suggest that infants 
are directing their articulators to achieve 
auditory targets that they hear another 
produce, in other words, that they are 
capable of vocal imitation (11). 

We suggest that both the detection of 
auditory-visual correspondences and vo- 
cal imitation reflect a knowledge of the 
relationship between audition and articu- 
lation (12). Furthermore, we suggest that 
these abilities have a common origin- 
the infant's intermodal representation of 
speech. Future studies should test the 
extent to  which auditory-visual and audi- 
tory-motor equivalence classes are relat- 
ed and the extent to which experience 
plays a role in their development. 

Our findings go beyond these theoreti- 
cal issues and extend to clinical con- 
cerns. On the basis of the data reported 
here and in other recent infant studies (6, 
7), we suggest that the bimodal delivery 
of speech information may facilitate lan- 

' guage learning because infants are pre- 
disposed to represent information in this 
way. In particular, infants born deaf 

might well be aided by the codelivery of 
visual and tactual information about 
speech. Such sensory substitution ap- 
proaches have proven effective in im- 
proving speech reception in artificially 
"deafened" adults, who combine visual 
information provided by lip-reading with 
spectral information provided by a tac- 
tile aid (13). 

Infant speech perception has tradition- 
ally been studied as  an auditory phenom- 
enon (14). Here we presented data and 
arguments showing that it may be profit- 
able to  investigate infant speech percep- 
tion as  an intermodal event. Studies of 
infants' intermodal organization of the 
auditory, visual, and motor concomi- 
tants of speech may bring us closer to 
understanding the development of the 
human capacity to  speak and compre- 
hend language. 
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Experimental Induction of Altered Nonmicrofibrillar Cellulose 

Abstract. Celllrlose produced by Acetobacter xylinum )%,as experimentally modi- 
fied during its biosynthesis. In the presence ofjlrrorescent brightening agents, suck 
as Calcojl~or White M2R or Tinopal LPW, nonmic~rojbrillar sheets of c,elltrlose 11,ere 
synthesized by the bacteria. These sheets cotrld then be con\verted to fibrils by 
washing with distilled water. Possible mech~inisms for these modijications of 
cellulose assembly are discrrssed. 

The gram-negative bacterium Aceto- 
bacter xylinum normally synthesizes an 
organized, twisting ribbon of cellulose 1 
(Fig. 1A) ( I ) .  This ribbon is a composite 
of microfibrils assembled in association 
with an array of particles and extrusion 
pores in the bacterial outer membrane 
(2). When fluorescent brightening agents 
are added, they bind to small groups of 
glucan chains as  they are polymerized 
and extruded through the pores (3). 
These agents prevent the cooperative - 
crystallization of glucan chains required 
for the assembly of the organized ribbon 
of cellulose. The altered cellulose ap- 
pears as  a band of fine fibrils after nega- 
tive staining (3). 

We report the synthesis of a second 
type of altered cellulose that appears as  
nonmicrofibrillar sheets with no detect- 
able substructure after negative staining 
(Fig. IB). The assembly of sheet or fibril- 
lar forms of altered cellulose in the pres- 
ence of fluorescent brightening agents is 
dependent on strain variations among 
the bacteria and the concentration of the 
brightener. Variants of A. xylinrrm occur 
spontaneously during growth. Sheet cel- 
lulose is synthesized by a variant that 
characteristically produces a "rough" 
colony on agar and a thick cellulosic 
pellicle in liquid medium. In the presence 
of brightener at concentrations above 8 
pM,  this variant consistently synthesizes 
sheets of nonmicrofibrillar cellulose (4). 
Fibrillar cellulose is synthesized in the 
presence of lower concentrations of 
brightener (2  to  4 pM) (4). Fibrillar and 
sheetlike celluloses are synthesized se- 
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quentially when the strain forming thick 
pellicles is exposed to a series of increas- 
ing concentrations of the brightener (Fig. 
IC). Another strain synthesizes only fi- 
brillar cellulose at all concentrations of 
brighteners tested. 

In the presence of high concentrations 
of brightener, the strain forming thick 
pellicles can synthesize a single broad 
sheet (Fig. 1B) or  several narrow discon- 

tinuous sheets. The sheets appear very 
thin, even on ultrathin carbon support 
films, and can be distinguished from the 
background only by their folds and edges 
(5). Some observations suggest that the 
sheets may be collapsed tubes or 
scrolled membranes. The nonfibrillar 
sheets of cellulose can be converted to 
fibrils by briefly washing them with dis- 
tilled water (Fig. ID) (6). Presumably. 
the brightener is at least partially re- 
moved from the glucan chains during 
washing, thus allowing more extensive 
interchain association. The bent and 
twisted, secondarily assembled fibers 
are reminiscent of those produced after 
mercerization of native cellulose (7). 

Extensive research has shown that the 
fibrillar product is cellulose with altered 
crystallinity (3). The nonfibrillar sheet 
material described in this report is de- 
graded by purified cellulases (8) and is 
therefore presumed to be cellulosic. The 
sheets are positively birefringent, sug- 
gesting that the glucan chains are aligned 
along the long axis of the extended 
sheets (9). 

Normal cellulose I microfibrils are as- 
sembled from stacked sheets of glucan 
chains formed by interchain hydrogen 
bonding. Only dispersion forces exist 
between the stacked sheets in the micro- 
fibrils (10). High concentrations of 
brightener must associate so  completely 
with the glucan chains in the plane nor- 
mally participating in intersheet disper- 
sion forces (11) that the chains can only 

Fig. I .  (A)  Unaltered ribbon of crystalline cellulose I synthesized by Ac~c~rohtrcr~r.rylinirtn (scale 
bar.  I p m ) .  (B) T w o  extended sheets  of nonfibrillar cellulose. These  sheets  a r e  typical of those  
synthesized by thick pellicle-producing cells in brightener a t  concentra t ions  greater  than 8 pM 
(scale bar ,  100 nm) .  ( C )  Cell incubated first in brightener-free glucose then in increasing 
concentrations of brightener.  T h e  first cellulose synthesized is a normal ribbon (arrow I) .  Then 
a fibrillar band of cellulose is synthesized (arrow 2 ) .  This  is followed by synthesis of nonfibrillar 
sheet  cellulose in higher concentra t ions  o f  brightener (scale  bar.  600 nm) .  (D)  Fibrils formed 
f rom sheet  cellulose by  brief washing in distilled water  before negative staining (scale  bar.  100 
nm) .  




