
2B4.11 (2). Furthermore, we have found 
that antibodies directed against CD3, which 
are mitogenic for normal T cells (20), induce 
both IL-2 production and growth inhibi- 
tion in a murine chemically induced T-cell 
lymphoma, EL-4, and a human T-cell leuke- 
mia, Jurkat (21). These results demonstrate 
that activation-induced growth inhibition is 
not a property unique to T-cell hybridomas 
and suggest that mitogenic antibodies to 
CD3, or perhaps other common and non- 
clonally distributed T-cell surface structures 
such as CD2 (22), may prove useful in the 
treatment of T-cell neoplasms of unknown 
antigen specificity. 
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Structurally Divergent Human T Cell Receptor y 
Proteins Encoded by Distinct Cy Genes 

The human T cell receptor (TCR) y polypeptide occurs in structurally distinct forms 
on certain peripheral blood T lymphocytes. Complementary DNA clones representing 
the transcripts of functionally rearranged TCR y genes in these cells have been 
analyzed. The exyression of a disulfide-linked and a nondisulfide-linked form of TCR 
y correlates with the use of the Cyl  and Cy2 constant-region gene segments, 
respectively. Variability in TCR y polypeptide size and disulfide linkage is determined 
by the number of copies and the sequence of a repeated segment of the constant region. 
Thus, Cyl  and (2.12 are used to generate structurally distinct, yet functional, T3- 
associated receptor complexes on peripheral blood lymphocytes. Tryptic peptide 
mapping suggests that the T3-associated TCR y and 6 peptides in the nondisulfide- 
linked form are distinct. 

T HE T CELL RECEPTOR (TCR) y 
gene, like those encoding the TCR a 
and p polypeptides, is composed of 

immunoglobulin-like gene segments, which 
are joined through somatic rearrangement 
during T cell direrentiation (1-3). The hu- 
man TCR y locus consists of at least five 
functional variable (V) region, five joining 
(J) region, and two constant (C) region 
genes (4-1 1 ). Although the total number of 
functional V and J region genes is limited, 
significant diversity is introduced during the 
process of V-J joining (3, 8, 12). However, 

in the majority of functional T cell lines and 
tumors examincd to date, the V-J joining 
process fails to maintain an open reading 
frame, and a functional 'TCR y protein is not 
synthesized. 

The use of ant'sera against TCR y-specific 
peptides has led to the identification of T3- 
associated TCR y on some peripheral blood 
and thymic T cells, as well as a leukemic T 
cell line (13-1 7). We have characterized two 
examples of peripheral blood TCR y Iym- 
phocytes in detail (13, 16). The IDP2 cell 
line expresses a T3-associated TCR y pep- 

tide of 55 kD (40 kD nonglycosylated) 
which immunoprecipitates along with a 40- 
kD peptide termed 6. The y and 6 polypep- 
tides on the surface of IDP2 are not disul- 
fide-linked. In contrast, PBL C1 cells ex- 
press a T3-associated TCR y peptide of 40 
kD (31 kD nonglycos!dated), which is disul- 
fide-linked. Although a distinct partner 
chain has not !let been identified, indirect 
evidence suggests that this disulfide-linked 
TCR y peptide is part of a heterodimer, and 
not a homodimer. Both IDP2 and PBL C1 
appear to function as cytotoxic T Iympho- 
q tes  (16). 

The present study was conducted to eluci- 
date the molecular bases for the structural 
differences among the TCR y and 6 peptides 
on IDP2 and PBL C1. In particular, we 
wished to investigate the dramatic direr- 
ences in both the size and disulfide linkage 
of the TCR y peptides on these cells and the 
structural relation benveen TCR y and 6 on 
IDP2. 

Complementary DNA (cDNA) libraries 
were prepared from IDP2 and PBL C1 
poly(A)+ RNA in the vector XgtlO (1 8)  and 
were screened by hybridization with 3 ' ~ -  

labeled human TCR y cDNA clone pTy-1 
(6). Clones were selected for detailed analy- 
sis on the basis of both size and limited 
restriction enzyme mapping, which suggest- 
ed that they represented the transcripts of 
rearranged TCR y genes. Four PBL C1 
clones and the one IDP2 clone so selected 
lacked IZpn I sites, suggesting rearrange- 
ment to Vy9 (7). Nucleotide sequence anal- 
ysis indicated that all PBL C1 clones arose 
from identical transcripts. The nucleotide 
sequence of the longest of these, PBLC1.15 
(1.5 kb), is compared with that of IDP2.11 
(1.4 kb) in Fig. 1. PBLC1.15 contains 
approximately 150 bp of 5' noncoding re- 
gion preceding a presumed initiator methio- 
nine codon and extends through a canonical 
poly(A) addition site at its 3' end. IDP2.11 
contains less 5' sequence but also extends 
through a poly(A) addition site at its 3' end. 

The I'BLCl.15 and IDP2.11 V regions 
are nearly identical to each other and to the 
coding region of a Vy9 genomic sequence 
(7). Differences benveen PBLC1.15 and 
IDP2.11 at nucleotides 226, 230, and 234 
are probably the result of reverse transcrip- 
tase errors in the region of the IDP2.11 
hairpin loop. In addition, a diEerence at 
nucleotide 5 11 likely represents a reverse 
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transcriptase error in PBLCl.15, since three 
other PBL C1 clones are identical to 
PBLC1.15 in all regions sequenced but 
agree with IDP2.11 and not PBLC1.15 at 
this position. Othenvise, these sequences 
differ from the published Vy9 sequence at 
three nucleotides (171, 298, and 398) and 
in the assignment of the splice between the 

exon encoding the leader peptide and that 
encoding the main body of the V region. 
The splice occurs 18 bp upstream from the 
position predicted from the genomic se- 
quence, and thus Vy9 would be six amino 
acids longer than previously proposed. 
PBLC1.15 and IDP2.11 appear to use Jy 
regions of identical nucleotide sequence 

M L S L L H A S T  
PBLC1.15 GGTCTAACGCTTCTCTGCGGTGATTTCAGGCTGCCCTGGCAGAAAGCACAGTGCCTGCAGACATGCTGTCACTGCTCCACGCATCAACGC 180 

L V V  
L A V L G A L C V Y G A G H L E Q P Q I S S T K T L S K T A  

PBLC1.15 TGGCAGTCCTTGGGGCTCTGTGTGTATATGGTGCAGGTCACCTAGAGCAACCTCAAATTTCCAGTACTAAAACGCTGTCWCAGCCC 270 ... iDP2.11 .G ......................................... 
(G) (E) 

R L E C V V S G I T I S A T S V Y W Y R E R P G E V I Q F L  
PBLC1.15 GCCTGGAATGTGTGGTGTCTGGAATAACAATTTCTGCAACATCTGTATATTGGTATCGAGAGAGACCTGGTGAAGTCATACAGTTCCTGG 360 
IDPZ.11 .......................................................................................... 

V S I S Y D G T V R K E S G I P S G K F E V D R I P E T S T  
PBLC1.15 TGTCCATTTCATATGACGGCACTGTCAGAAAGGAATCCGGCATTCCGTCAGGCAAATTTGAGGTGGATAGGATACCTGAAACGTCTACAT 450 

.......................................................................................... IDP2.11 

S T L T I H N V E K Q D I A T Y Y C A L ( L ) E G N Y K K L F G  
PBLC1.15 CCACTCTCACCATTCACAATGTAGAGAAACAGGACATAGCTACCTACTACTGTGCCTTGTTGGAGGGAAATTATAAGAAACTCTTTGGCA 540 

J r CI 
S G T T L V V T D K Q L D A D V S P K P T I F L P S I A E T  

PBLC1.15 G T G G A A C A A C A C T T G T T G T C A C A G A T A A A C A A C T T G A T G C  .......................................................................................... IDPZ.ll 

K L Q K A G T Y L C L L E K F F P D V I K I H W Q E K K S N  
PBLC1.15 A G C T C C A G A A G G C T G G A A C A T A C C T T T G T C T T C T T G A G A A C A  
IDP2.11 . A  ............................................... ......................................... 

I 

T I L G S Q E G N T M K T N D T Y M K F S W L T V P E K S L  
PBLC1.15 C G A T T C T G G G A T C C C A G G A G G G G A A C A C C A T G A A G A C C  
IDP2.11 ................................................................................ G ......... 

E 

CI r CII 
D K E H R C I V R H E N N K N O V D Q E I I F P P I K T  

PBLC1.15 ACAAAGAACACAGATGTATCGTCAGACATGAGAATAAT~C~X~AGTTGATCAAGAAATTATCTTTCCTCCAATAAAGACAG- 

CI I  r CII  CII  r 
PBLC1.15 
IUP2.11 CCACAGTGGATCCCAAAGACAGTTATTCAAAAGATGCAAATGATGTCACCACAGTGGATCCCAAATACPATTATTCAAAGGATGCAAATG 

T T V D P K D S Y S K D A N D V T T V D P K Y N Y S K D A N  

C I I CII r C ~ I I  
D V I T M D P K D N C S K D A N D T L L L Q L T N T S A Y Y  

PBLC1.15 ATGTCATCACAATGGATCCCAAAGACAATTGTTCAAAAGATGCAAATGATACACTACTGCTGCAGCTCACAAACACCTCTGCATATTACA 
IDP2.11 ............................... G .......................................................... 

W 

M Y L L L L L K S V V Y F A I I T C C L L R K T A F C C N G  
PBLC1.15 T G T A C C T C C T C C T G C T C C T C A A G A G T G T G G T C T A T T T T G C A G  

E K S 
PBLC1.15 A G A A A T C A T A A C A G A C G G T G G C A C A A G G A G G C C A T C T T T T C T  
IDPZ.11 .......................................................................................... 
PBLC1.15 T T C T T T C T G G G T T T G G G C C A T T T C A G T T C T C A T G T G T G T A C A C A C A G A G  
IDPZ.ll .............................................................. T ........................... 
PBLC1.15 AACCTCACTCTGTAATAACAATGAGGAATAGCCACGGCGATCTCCAGCACCAATCTCTCCATGTRTCCACAGCTCCTCCAGCCAACCCA 
1DP2.11 .................................. T ....................................................... 
uBLC1.15 AATAGCGCCTGCTATAGTGTAGACATCCTGCGGCTTCTAGCCTTGTCCCTCTCTTAGTGTTCTTTAATCAGATAACTGCCTGGAAGCCTT 
IDP2.11 ......................... G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PBLC1.15 T C A T T T T A C A C G C C C T G A A G C A G T C T T C T T T G C T A G T T G A T G A  1620 
IDPL 11 .......................................................................................... 
PBLC1.15 AAAGTTAAA 
IDPZ. 11 . . . . . . . .  .AAA4A 

Fig. 1. Nucleotide sequences of PBL C1 and IDP2 TCR y cDNA clones. Clones PRLC1.15 and 
IDP2.11 were sequenced in their entirety by the dideoxy chain termination method (22). The 
numbering scheme is for the aligned compositc nucleotide sequcnce. Lcader (L), variablc (V), joining 
(J),  and constant (CI, CII, CIII) region junctions are demarcated by comparison to the appropriate 
genomic sequences (7, 9, 12). IDP2.11 nucleotides identical to those of PRLC1.15 arc denoted by the 
dotted line; differences are noted. The deduced amino acid sequence of PRLC1.15 is presented in the 
single letter code, and rcsidues at which IDP2.11 differs are noted. Thc one-letter symbols for the amino 
acids are A, alanine; R, arginine; ,l', asparagine; D, aspartic acid; C, cystcine; Q, glutarnine; E, glutamic 
acid; G, glycine; H, histidine; I, isoleucine; L, leucine; K, lysine; M, methionine; F, phenylalanine; P, 
proline; S, serine; T,  threonine; W, tryptophan; Y, tyrosine; V, valine; and X, unknown or "other." 
Amino acid assignments based on presumed reverse transcriptase errors arc marked in parentheses. A 
large gap in the PBLC1.15 sequence relative to IDP2.11 is denoted by the solid line. The canonical 
polyadenylation signal is overlined. 

(presumably corresponding to Jy 1.3 and 
Jy2.3) (7, 8, 11, 12) and remain in frame 
across the V-J junction but differ by nvo 
nucleotides at the junction. Whereas 
IDP2.11 displays the genomic Jy sequence 
at these positions, PBLCl.15 is distinct, 
presumably as a result of template-indepen- 
dent N-region diversity (3, 12, 19). These 
substitutions result in a single amino acid 
difference (Tyr versus Asn) at the V-J junc- 
tion. This single difference throughout the 
entire V and J regions is notable, because 
PBL C1 and IDP2 display spontaneous 
cytolytic activity of differing specificity 
when tested on a panel of tumor targets 
(16). However, the relative importance of 
junctional diversity, the constant region 
used, or other polypeptides in modulating 
specificity cannot be assessed at present. 

The C regions of PBLCl . l 5  and IDP2.11 
are clearly distinct. The PBLCl . l 5  sequence 
corresponds closely to a recently published 
Cyl  sequence (9), and IDP2.11 to Cy2 (6, 
9). Notably, Cyl  encodes a cysteine residue 
located on the amino-terminal side of the 
presumed membrane-spanning region, and 
this cysteine is absent in Cy2 (6, 9)  (Figs. 1 
and 2). Since the TCR y peptide is disulfide- 
linked on PBL C1 but not disulfide-linked 
on IDP2, this suggests strongly that this 
cysteine is responsible for interchain disul- 
fide linkage. The region in Cy l  around this 
cyteine is encoded in a small 48-bp exon 
(CII) (9). Strikingly, sequences homologous 
to this eson appear to be triplicated in 
IDP2.11. Copies of the repeat differ by one 
to five nucleotides, and all substitutions but 
one result in amino acid differences (Fig. 2). 
Copies 2 and 3 of this repeat were reported 
as distinct esons in the genomic sequence of 
Cy2 (9). However, copies 1 and 3 have 
previously been obsen~ed in the out-of- 
frame HPB-MLT cDNA clone pTy-1 (6). 
Whether this variability results from poly- 
morphism~ in the number of CII esons in 
Cy2 genes or from alternative splicing re- 
mains to be determined. Aside from this, the 
PBLCl.15 C region sequence is identical to 
that of one allele of Cyl  (9), but IDP2.11 
differs from published Cy2 sequences at two 
positions (1 143 and 1368) (6, 9) .  

Escept for the variable CII exon usage, 
the two constant regions are virtually identi- 
cal. Because of the triplicated region, the 
IDP2.11 sequence predicts a polypeptide 
backbone 32 amino acids (3.8 kD) longer 
than that predicted by PBLC1.15. Howev- 
er, by SDS-polyacrylamide gel electropho- 
resis (SDS-PAGE), the nonglycosylated 
TCR y peptides on PBL C1 and IDP2 differ 
by approximately 9 kD, and the glycosylated 
peptides differ by 15 kD (16). In order to 
investigate this apparent discrepancy, and as 
hrther proof that clones PBLC1.15 and 
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PBLC1.15 CII AT GTC ATC ACA ATG GAT CCC AAA GAC M T  TGT TCA AAA GAT GCA M T  G 
IDP2.11 CII copy 1 ..... .C. ... G.. . . . . . . . . . . . .  .G. .A. . . . . . . . . . . . . . . . .  . . . . . . . . . .  IDP2.11 CII copy 2 ..... .C. ... G.. ......... T.. ... .A. ... ..G 
IDP2.11 CII copy 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..G . . . . . . . . . . . . . . . .  

PBLC1.15 CII ASP VAL ILE THR MET ASP PRO LYS ASP A s  CYS SER LYS ASP ALA &5J 
IDP2.11 CII copy 1 ...... THR ... VAL . . . . . . . . . . . .  SER TYR . . . . . . . . . . . . . . .  
IDP2.11 CII copy 2 ...... THR ... VAL . . . . . . . . .  TYR ,TYR . . . . . . . . . . . . . . .  

--? IDP2.11 CII copy 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rnr . . . . . . . . . . . . . . .  - - 
Fig. 2. CII repeat sequences. IDP2.11 CII repeats are aligned with the copy in PRLC1.15. Identities in 
the nucleotide and predicted amino acid sequences are marked by dotted lines; differences are noted. 
Potentid sites for asparagine-linked glycosylation in this region are marked by underlining. 

IDP2.11 encode TCR y polypeptides with 
properties similar to those synthesized by 
the respective cell lines, we examined the 
polypeptides encoded by these clones after 
in vitro transcription and translation. Since 
lDP2.11 did not contain the entire coding 
region, it was repaired by ligating the 5' 
portion of PBLC1.15 at the Nde I site 
within the V region. This was possible since 
the two clones use the same V region. After 
subcloning PBLC1.15 and IDP2.11 into 
pSP65 and transcribing them in vitro, in 
vitro translation products were analyzed 
by.immunoprecipitation with an antiserum 
to a TCP y-specific peptide (13), followed 

Fig. 3. In vitro transcription and translation 
analysis. IDP2.11 was repaired with the 5' por- 
tion of PBLC1.15 by ligation at the Nde I site 
within the V region to generate IDP2.llr. 
PBLC1.15 and IDD2.llr were subcloned into 
pSP65, the plasmids were linearized with Hind 
111, and capped transcripts were synthesized with 
the use of SP6 polymerase 23, 24). In vitro I translation in the presence of [' Slmethionine was 
performed in a rabbit reticulocyte lysate (25). 
Samples were denatured and immunoprecipitated 
with either normal rabbit serum or antiserum to 
TCR y-specific peptide, as described (16), and 
immunoprecipitates were analyzed by 12% SDS- 
PAGE followed by fluorography (26). Transla- 
tions were (lanes 1 and 2) no M A ,  (lanes 3 and 
4) PBLC1.15 transcripts, and (lanes 5 and 6) 
IDP2.1 l r  transcripts. Irnmunoprecipitations 
were (lanes 1,3, and 5) normal rabbit serum and 
(lanes 2, 4, and 6) antiserum to Cy. 

by SDS-PAGE (Fig. 3). PBLC1.15 and 
IDP2.11 directed the synthesis of TCR y 
peptides of approximately 31 kD and 38.5 
kD, respectively. These values agree well 
with those obtained by endoglycosidase-H 
treatment of immunoprecipitates from met- 
abolically pulse-labeled cells (16). Thus, the 
large difference in nonglycosylated polypep- 
tide size noted previously clearly results 
from usage of Cyl versus Cy2. The anoma- 
lousl!r large difference in SDS-PAGE mobil- 
ity (31 kD versus 38.5 kD, but 34.7 kD 
versus 38.5 kD calculated from the deduced 
amino acid sequence) may result either from 
unusual SDS binding properties or a unique 
conformatian of the triplicated portion of 
the polypeptide. It is also noteworthy that 
the Cyl sequence carries three or four po- 
tential sites of N-linked glycosylation (de- 
pending on the use of an asparagine residue 
next to the cysteine implicated in interchain 
disulfide bonding), whereas the Cy2 se- 
quence carries five. This corresponds well to 
the properties of the TCR y peptides charac- 
terized on PBL C1 and IDP2. N-linked 
carbohydrate contributes approximately 9 
kD to the former, but 15 kD to the lat- 
ter. 

These results argue persuasively that the 
distinct properties of the TCR y peptides on 
PBL C1 and IDP2 are the result of the use 
of Cyl versus Cy2. Since both TCR y 
peptides are associated with T3, since 
monoclonal antibody to T3 can induce an 
increase in cytoplasmic calcium and cytotox- 
icity for both cells, and since the cells display 
spontaneous cytotoxic activity against cer- 
tain tumor targets (13, 16,20), both TCR y 
C region genes can be used to generate 
functional TCR y T 3  complexes on periph- 
eral blood lymphocytes. Precisely how the 
diamatic variabilitv introduced into the re- 
gion encoded by the CII exon affects recep- 
tor b c t i o n  remains to be determined. This 
region of the polypeptide may be an extend- 
ed connector that links the CI exon-en- 
coded immunoglobulin-like domain to the 
CIII exon-encoded membrane-spanqing 
and cytoplasmic regions. The CII repeat 
region is predicted to carry much of the N- 
linked carbohydrate (Fig. 2), which may be 

important in protecting this segment of the 
polypeptide from proteolysis. Since this 
connector region appears to mediate inter- 
chain disulfide linkage of Cy 1, it mav be of 
general importance-in mediating hterac- 
tions of TCR y with a partner chain. Use of 
a distinct version of this region in Cy2 may 
be coupled to the expression of and interac- 
tion with a distinct paruler chain. In this 
light, it is notable that all but one nucleotide 
substitution between the different copies of 
the CII exon result in amino acid substitu- 
tions (Fig. 2), suggesting that their diver- 
gence has been under selective pressure. 
Whether hnctional Cv2 ~roducts use other . L 

CII exon combinations [copies 1 and 3 in an 
HPB-MLT transcript, which is nevertheless 
out of frame at the V-J join (6); copies 2 
and 3 in a genomic clone (9)]  remain; to bc 
determined. Since a 40-kD nondisulfide- 
linked form of TCR y has been detected on 
peripheral blood T cells (16) and on a 
thymic clone (14), this possibility remains 
open. 

The identities of the T3-associated, puta- 
tive TCR y partner chains are still a mystery. 

Fraction numwr 

Fig. 4. Comparative nyptic peptide maps of 
IDP2 TCR y and 6 peptides. Preparative anti-T3 
immunoprecipitates from surface-iodinated cells 
were resolved by SDS-PAGE, and TCR y and 6 
bands were excised, eluted, and lyophilized. (A) 
Purified TCR y and 6 were examined by SDS- 
PAGE. (B) Alternatively, 15,000 countlmin each 
were combined with cold carrier ovalbumin, re- 
duced, alkylated, and trypsin-digested as de- 
scribed (27). Chromatography was performed on 
a Waters HPLC system with a Vydac CIS column 
and a linear gradient of 20% to 60% acetonitrib 
in 0.1% trifluoroacetic acid. The -kigration of 
carrier ovalbumin peptides was determined by 
monitoring absorbance at 235 nm and served as 
an internal control. The identical positions of 
three major ovalbumin peaks (OVA) demonstrate 
the two chromatograms to be directly compara- 
ble. 
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However the 6 chain that we can visualize 
on surface-iodinated IDP2 is clearly distinct 
from the TCR y peptide on these cells. It is 
unreactive with antisera to TCR y-specific 
peptides (13). Further, tryptic peptide com- 
parisons by reversed-phase high-perform- 
ance liquid chromatography (HPLC) dem- 
onstrate the patterns of iodinated TCR y 
and 6 peptides to be quite different (Fig. 4). 
Only one or two peptides at or near the 
flowthrough appear to comigrate. Since the 
gel-purified TCR 6 is known to be contam- 
inated at low levels with underglycosplated 
TCR y, the TCR 6 peptide at fraction 8 is 
probably a TCR y contaminant that is visu- 
alized because of its heavy labeling. The 
overall dissimilarity between these profiles 
suggests that IDP2 6 could not be related to 
IDP2 y simply by proteolysis or other post- 
translational modifications. Thus the 6 pep- 
tide appears to be a distinct component of 
the nondisuhide-linked TCR y6-T3 com- 
plex. Whether this component is related to 
the partner chain in the disulfide-linked 

form and whether either of these molecules 
displays structural properties common to 
TCR a, P, and y subunits will be subjects of 
intensive investigation. 

Note added in proof: A structure similar to 
that described for IDP2 TCR y has recently 
been reported for TCR y from the PEER 
cell line by Littman et al. (21). 
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The cerebellar cortex is perhaps the best characterized structure in the mammalian 
central nervous system. Although the major cerebellar cell classes are well known, a 
new class of cerebellar cortical neuron has now been identified with a monoclonal 
antibody (Mab) generated by a procedure for rapid immunization and selective 
immunosuppression of antibody responses. This procedure generates a high frequency 
of immunoglobulin G-class antibodies of desired specificity, and has allowed the 
generation of two antibodies that recognize subsets of cerebellar cortical neurons. One 
of these antibodies defines a previously unrecognized class of cerebellar neuron. The 
distribution and antigenic characteristics of this neuron suggest that it has a distinct 
role in cerebellar circuitry. 
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tion and maintenance of cell struc- 
ture are that molecular differences 

must underlie the anatomical and physiolog- 
ical differences obsenred among neuronal 
classes in the mammalian central nervous 
system. Several recent studies suggest that 
the number of molecularly distinct cell class- 
es in the central nervous system map be 
quite large (1, 2). T o  determine how molec- 
ular differences might give rise to or reflect 
neuronal heterogeneity, we and others have 
used hybridoma technology to immunologi- 
cally dissect the biochemical constituents of 
the vertebrate (3-8) and invertebrate (9-11) 
central nenTous system. 

Although initially promising, the hybrid- 

oma approach has proven to have both 
biological and technical limitations so that 
few monoclonal antibodies to neuronal sub- 
sets have been generated. We have encoun- 
tered three major obstacles. (i) It has been 
difficult to target the immune response to 
recognize antigens of interest; the bast ma- 
jority of antibodies generated recognize a 
few, immunodominant species. (ii) Animals 
must be immunized ovir long periods of 

- - 

time to generate a hyperimmune response 
that will yield high-affinity, immunoglob- 
ulin G (IgG) antibodies. (iii) The large 
number of hybridoma colonies derived from 
the spleen in a successful experiment is 
difficult to screen immunohistochemicallv. 
For example, in our earlier experiments to 
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obtain antibodies to molecules expressed by 
subsets of neurons, we immunized mice 
with a tissue that contained a high density of 
neuronal cell bodies. The spinal cord provid- 
ed a convenient tissue source, because spinal 
gray matter contains neuronal cell bodies 
(intermixed with ,axons and glial cells) and 
can be dissected cleanly from the peripheral 
white matter, which is composed almost 
exclusi\relp of axons and glial cells. After 
immunizations of mice withspinal cord gray 
matter, we screened antibodies immunocp- 
tochemically on spinal cord sections and 
found that, even after enrichment by dissec- 
tion, only a small fraction of the antibodies 
generated recognized gray matter antigens, 
and the vast majority of antibodies recog- 
nized axons and glial cells (3, 7). Biochemi- 
cal analyses showed that the axonal and glial 
antibodies recognized intermediate fila- 
ments (5, 7), immunodominant species in 
the central nervous system. Clearly then, 
physical separation of wanted (gray matter) 
from unwanted (white matter) antigens did 
not sufficiently attenuate the immunodom- 
inant response to axons and glia. 

Here I describe techniques obviating 
these difficulties. These techniques have 
made it possible to generate antibodies that 
recognize restricted populations of neurons 
and, in particular, an antibody that identifies 
a novel subset of cerebellar cortical neurons. 

Section of Neuroanatomy, Yale University School of 
Medicine, New Haven, CT 06510. 
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