
of the nucleus magnocellularis of the 
anterior neostriatum (MAN), which is 
part of the song control system (7, 13), 
recorded multi-unit responses to audi- 
tory stimuli with latencies longer than 
those in the XIIts nucleus or nerve. 
Furthermore, a restricted area within the 
dorsal thalamus that is back-filled by 
injections of horseradish peroxidase into 
the lateral MAN showed auditory activi- 
ty that followed the activity in the nXIIts 
and preceded that in the lateral MAN. 
Thus part of the dorsal thalamus and 
lateral MAN may be components of a 
recurrent loop carrying information de- 
rived from analysis of sound stimuli by 
the XIIts nucleus. 

The telencephalic nuclei that control 
learned song are several times larger in 
adult male zebra finches, which sing, 
than in adult females, which do not (14). 
This sexual dimorphism is mirrored by 
the distribution of birds with auditory 
responses in the NXIIts: 53 of 68 male 
zebra finches and 0 of 12 females showed 
auditory responses in the ts nerve, which 
is a significant difference ( X 2  = 28.2, 
P < 0.001). If nXIIts-mediated song per- 
ception is related to the potential for 
song production, then females and males 
might differ in their perception of song. 
We do not know whether this is the case 
for zebra finches, but there are sugges- 
tions of such a sexual perceptual dimor- 
phism in other species of songbirds (15). 
Bird song, as well as other animal vocal- 
izations, may only be totally intelligible 
to a neural system that is capable of 
producing the same vocalizations. Birds 
that perceive song as a series of articula- 
tory gestures may have their own partic- 
ular form of phonetic analysis. 

References and Notes 

1. A. M. Liberman, F. S. Cooper, D. P. Shank- 
weiler, M. Studdert-Kennedy, Psychol. Rev. 74, 
431 (1967). 

2. I. G. Mattingly, Am. Sci. 60, 327 (1972); A. M. 
Liberman, Am.  Psychol. 37, 148 (1982); G. A. 
Ojemann, Behav. Br. Sci. 1983, 189 (1983). 

3. The anesthetic used was 5 mg of Ketamine and 5 
mg of Xylazine per kilogram of body weight, 
administered together; this combination spared 
most auditory responses. Birds were placed in a 
stereotaxic apparatus (Kopf) with especially de- 
signed perforated and hollow earbars (which 
allow direct transmission of sound to the ear) 
and a bill clamp. The ts nerves were prepared 
for recording according to the procedure de- 
scribed in J .  A .  Paton and K. R. Manogue [ J .  
Comp. Neurol. 212, 329 (198211. Glass-insulated 
metal electrodes [H. Asanuma, in Electrical 
Stimulation Research Techniques, M. M. Pat- 
terson and R. P. Kenner, Eds. (Academic Press, 
New York, 1981)l were placed according to 
stereotaxic coordinates developed during the 
course of the study and used for single and 
multi-unit recordings as well as for microstimu- 
lation (single bipolar pulses between 5 and 50 
FA). Tone bursts (500 Hz to 7 kHz) were 
obtained from a waveform generator, attenuat- 
ed, and delivered through a Nagra speaker 1 m 
directly above the bird's head. A computer 
averaging program (developed by Dr. David S. 
Vicario) was used to collect some of the data. 
The data were all obtained from zebra finches, 
although the NXIIts auditory response was also 

282 

seen in the canary, catbird, and white-throated let oositions 2 and 3 evoked multi-unit resoonses 
sparrow. when presented in position 1. 

4. This large range of latencies may have been due 10. The mean response levels for the first, second, 
in part to individual differences in the birds' and third oositions within a triolet were calculat- 
response to anesthesia. A similar range of audi- 
tory response latencies has been reported for the 
HVc's of male zebra finches [L. C. Katz and M. 
E. Gurney, Brain Res. 221, 192 (1981)l. 

5. P. H.-S. Jen and N. Suga, Science 191, 950 
(1976); P. H.-S. Jen, J .  Ostwald, N. Suga, J .  
Comp. Physiol. 124, 61 (1978). 

6. Many if not most HVc neurons respond to 
sound [L. C. Katz and M. E.  Gurney, Brain 
Res. 221, 192 (1981); J .  S. McCasland and M. 
Konishi, Proc. Natl.Acad. Sci. U.S.A. 78, 7815 
(1981)l. Only 3 percent of these HVc auditory 
neurons have highly specific responses to ele- 
ments of the bird's own  song, whereas most of 
the auditory neurons in the HVc respond to 
white noise and a broad range of pure tones [D. 
Margoliash, J. Neurosci. 3, 1039 (1983)l. 

7. F. Nottebohm, T. M. Stokes, C.  M. Leonard, J. 
Comp. Neurol. 165, 457 (1976); F .  Nottebohm, 
D. B. Kelley, J .  A. Paton, ibid. 207, 344 (1981). 

8. The songs of male zebra finches were recorded 
on a reel-to-reel tape recorder (Tandberg series 
15, 3.75 inches per minute) on Scotch Dyna- 
range tape. These recordings were played 
through a 10-kHz low-pass filter, translated to 
digital form, and collected on a Digital Electron- 
ics Corporation 11123 computing system. The 
songs were then edited by means of a fast 
Fourier Transform-based editing program, orig- 
inally described by S. R. Zoloth et al. [ Z .  
Tierpsychol. 54, 151 (198011 and subsequently 
rewritten by D. S. Vicario. After editing, the 

ed for ea ih  recording site. ~ i i e  number of posi- 
tive multi-unit responses to all syllables present- 
ed at a single position was divided by the total 
number of trials. Each syllable was presented at 
each triplet position for a minimum of ten trials. 
The mean total response was subtracted from 
the number of poaitive responses to the syllable: 
thia difference was then J~vided bv the atandard 
deviation of the total response- to yield the 
response index for the syllable. Negative re- 
sponse indices indicated an inhibitory effect. 
Response indices that differed from the mean 
resoonse level bv <1 .OO standard deviation were 
ignbred. 
0 .  M. Youngren and R. E. Phillips, J. Comp. 
Neurol. 213, 86 (1983). 
K. Immelmann, in Bird Vocalizations, R. A. 
Hinde, Ed. (Cambridge Univ. Press, Cam- 
bridge, 1969); P. Price, J. Comp. Physiol. Psy- 
chol. 93, 260 (1979). 
S. A. Bottjer, E. A. Miesner, A. P. Arnold, 
Science 224, 901 (1984). 
F. Nottebohm and A. P. Arnold, ibid. 194, 211 
(1 976) \., . -,. 
S. S. Peters, W. A. Searcy, P. Marler, Anim. 
Behav. 28, 393 (1980); W. A. Searcy, P. Marler, 
S. S. Peters, ibid. 29,997 (1981); A. P. King and 
M. J. West, Nature (London) 305,704 (1983); A. 
P. Kine, and M. J. West. Dev. Psvchobiol. 16, 
335 (1983). 
We thank D. S. Vicario for assistance with song 
editing, data collection, and helpful comments 

song segments were stored on a hard disk in on the manuscript; J. A. Paton-for advice on 
digital form. During an experiment, individual technical considerations; and L. A. Crane and 
triplets were called from the disk, filtered (10- S. Kasparian for assistance. Supported by a 
kHz low pass), and played back to the bird. grant from the Mary Flagler Cary Charitable 

9. Inhibitory syllables or introductory notes did Trust and by U.S. Public Health Service grants 
not evoke multi-unit activity whether they were 5 R01 NS17991 and BRSG 507 RR07065. 
presented in positions 1, 2, or 3 of a triplet. 
Syllables that were excitatory or neutral in trip- 17 January 1985; accepted 8 May 1985 

Sequence Homology Between Certain Viral Proteins and 
Proteins Related to Encephalomyelitis and Neuritis 

Abstract. Post-infectious or post-vaccinal demyelinating encephalomyelitis and 
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found by computer searches in which decapeptides in two human myelin proteins 
were compared with proteins of viruses known to infect humans. These viruses 
include measles, Epstein-Barr, influenza A and B ,  and others that cause upper 
respiratory infections. Several regions identijied in myelin basic protein and Pz 
protein can be related to experimental allergic encephalomyelitis or neuritis in 
laboratory animals 
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Encephalitis, myelitis, and neuritis are 
well-known complications of certain vi- 
ral infections and vaccines (I), especially 
vaccinia, measles, infectious mononu- 
cleosis, and influenza. The most recent 
example of such a complication is the 
Guillain-BarrC syndrome (GBS), which 
followed the national swine flu vaccina- 
tion program of 1976 (2). Experimental 
allergic encephalomyelitis (EAE) and 
neuritis (EAN) have provided precise 
histopathologic models in many species 

of animals for these post-infectious and 
post-vaccinal neural complications in hu- 
mans (3). These experimental auto aller- 
gic diseases are caused by hypersensitiv- 
ity to special antigens, myelin basic pro- 
tein (BP) and P2 protein, in the target 
myelins of the central (CNS) and periph- 
eral (PNS) nervous systems, respective- 
ly (4). 

The manner in which a virus could be 
related to these myelin antigens is open 
to speculation. Because measles anti- 
gens cannot be detected in the CNS in 
cases of measles encephalitis and sensiti- 
zation to myelin BP can be detected in 
many such cases, the suggestion has 
been made that a nonspecific liberation 
of BP-sensitive lymphocytes follows the 
early lymphopenia of measles and that 
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these lymphocytes then enter the CNS 
and produce an EAE-like disease (5). 
However, this hypothesis does not ex- 
plain why only EAE, and not many 
autoallergic diseases of other organs, re- 
sults from the release of these lympho- 
cytes. A simpler explanation is that a 
viral antigenic determinant (epitope) 
evokes a specific sensitization that 
cross-reacts with a homologous se- 
quence in the target antigen, BP. 

The availability of computer programs 
(6) designed to search for homologous 
sequences has allowed us to explore the 
possibility that at least one viral peptide 
segment is sufficiently similar to a region 
in the target antigens to evoke EAE or 
EAN in persons who develop enough 
hypersensitivity to the viral epitope. De- 
capeptides were considered to be long 
enough for an epitope to cause EAE or 
EAN (4). 

Tables I and 2 summarize the compar- 
isons of encephalomyelitis-related hu- 
man BP and neuritis-related human P7 
protein with various proteins from virus- 
es associated with post-infectious and 
post-vaccinal neurological complica- 
tions. Homologous sequences can be 
found in many viral proteins and many 
regions of BP and P2 protein. Several of 
the epitopes in BP have been well local- 
ized, including sequences 22 to 3 1, 36 to 
45, 66 to 75, 91 to 100, 111 to 120, and 
126 to 135 (Table I), which are included 
in epitopes that cause EAE in rats, rab- 
bits, guinea pigs, and monkeys or that 
react with monoclonal antibodies (4. 7). , , 

The epitopes in P2 protein are not yet 
well localized, but a portion of the one 
sequence (residues 66 to 78) which has 
produced EAN in Lewis rats is repre- 
sented by the nucleocapsid proteins of 
measles and canine distemper viruses 
(8), as shown in Table 2. In rabbits, 
however, this peptide is much less able 
to induce neuritis, almost equal activity 
being present among all three of the 
major cyanogen-bromide peptides, resi- 
dues 1 to20,21 to 113, and 114to 131 (9). 
Thus, the neuritis-inducing activity of 
several influenza vaccines in rabbits (10) 
may be caused by the two homologous 
decapeptides of influenza A proteins in 
sequences 114 to 123 and 121 to 130 of 
Pz. 

The BP-homologous sequences in 
measles C and nucleocapsid proteins (8) 
may account not only for encephalomy- 
elitis in humans (I) but also for cross- 
reactions detected by delayed skin tests 
with BP in measles-sensitized guinea 
pigs (11). We suggest that similar se- 
quences in swine influenza proteins will 
be found to be homologous with chicken 

P2 protein and to account for the "anti- 
P2" antibodies reported in postvaccinal 
GBS patients (12). 

Chemical similarity of amino acid resi- 
dues is a necessary, but not a sufficient, 
criterion for antigenic similarity. Sec- 
ondary or tertiary structural consider- 
ations can create epitopes quite different 
from those defined only by a linear se- 
quence of residues. However, as the 
human epitopes have not yet been de- 
fined, at least some of the ones identified 
in Tables 1 and 2 might be considered, as 
a first approximation, to be involved in 
para-infectious encephalomyelitis and 
neuritis. By analogy with the different 
sequences in BP that can cause encepha- 

litomyelitis in different strains of inbred 
mice or other animals, it seems likely 
that humans who are genetically hetero- 
geneous will react to several different 
epitopes, at least as different as those to 
which noninbred monkeys and rabbits 
react (4). 

One difference between post-infec- 
tious and post-vaccinal neuroallergic 
complications should be noted. Although 
RNA segment 8 in influenza viruses 
codes for the two nonstructural proteins 
NSI and NS2, these proteins are found in 
the infected host and not in the mature 
virion (13). Therefore, they would not 
occur in a vaccine. 

Most of the proteins analyzed here are 

Table 1. Homologous decapeptides in human BP and certain viral proteins. Abbreviations for 
amino acids are as defined (15). 

First BP residue 
number-sequence Name 

Adenovirus 2,5 
Adenovirus 2 
Influenza AlNTl60168 
Influenza AIWSNI33 
Canine distemper 
Influenza AIPRi8134 
Adenovirus 7 
Adenovirus 2,5 
Adenovirus 7 

Respiratory syncytial 
Adenovirus 2,5 

Epstein-Barr 
Adenovirus 2,5 
Influenza AlUdornl72 
Influenza BILeel4O 
Influenza AlUdorn172 
Measles 
Adenovirus 2,5 
Measles 
Adenovirus 2,5 
Epstein-Barr 
Influenza AIJapanl305157 
Measles 

Virus 

Protein First residue number-sequence 

Late lOOK 667-NKARQEFLLR 
B-137 80-GRPGFEPRIR 
NP 3 1 -KMIDGIGRFY 
PI 458-GIGAGVNRFY 
Nucleocapsid 62-GILISILSLF 
NP 32-MIGGIGRFYI 
Terminal 604-RAGYQNLPAR 
Late lOOK 132-RHLFSPRVPP 
Maturation 341-MHISSPRMHP 

pIVa2 
Matrix 60-KQISTPKGPS 
72K DNA- 62-DALVPRTPSP 

binding 
EC-RF2 432-RHGELFRFIW 
Early 21K 26-WFWRFLWGSS 
NSI 197-TLQRFAWGSS 
NSI 30-CYERFS WQRA 
NS, 198-LQRFAWGSSN 
C 1-MSKTEWNASQ 
Early 21K 27-FWRFLWGSSQ 
Nucleocapsid 142-SRFGWFENKE 
Late lOOK 734-SGRGGFGRGG 
EC-LF2 194mGYGNHAGDYH 
HA 380-STQKAFDGIT 
Nucleocapsid 429-LPRLGGKEDR 

Table 2. Homologous decapeptides in human P2 protein and certain viral proteins. Amino acid 
abbreviations are as defined (15). 

Virus 
First P2 residue 

number-sequence Name Protein First residue 
number-sequence 

Adeno-associated 2 
Adenovirus 2 
Epstein-Barr 
Adenovirus 2 
Measles, canine distemper 
Epstein-Barr 
Adenovirus 2,5 

Epstein-Barr 
Influenza AlWSNl33 
Adenovirus 2,5 
Influenza A (8 strains) 
Adenovirus 

Coat 1,2 
Hexon 
EC-LFI 
Hexon 
Nucleocapsid 
EC-RFI 
Maturation 

pIVa2 
EC-LF2 
HA 
Early 55K 
HA 
Early 16K 

649-S WLAKRKAIK 
56-GKLCKLKGIA 

287-CCWKGVVCRP 
479-GNGCFKIYHK 
136-ALVCTLLYLK 
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