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ABSTRACT All jawed vertebrates possess well-differenti-
ated thymuses and elicit T-cell-like cell-mediated responses;
however, no surface T-cell receptor (TCR) molecules or TCR
genes have been identified in ectothermic vertebrate species.
Here we describe cDNA clones from an amphibian species,
Ambystoma mexicanum (the Mexican axolotl), that have se-
quences highly homologous to the avian and mammalian TCRI3
chains. The cloned amphibian ,B chain variable region (V,B)
shares most of the structural characteristics with the more
evolved vertebrate V,B and presents =56% amino acid identi-
ties with the murine V1314 and human V1318 families. The two
different cloned axolotl 13 chain joining regions (JO3) were found
to have conserved all the invariant mammalian J13 residues,
and in addition, the presence of a conserved glycine at the
VP-Jig junction suggests the existence of diversity elements.
The extracellular domains of the two axolotl (3 chain constant
region isotypes C,B1 and C.82 show an impressively high degree
of identity, thus suggesting that a very efficient mechanism of
gene correction has been in operation to preserve this structure
at least from the early tetrapod evolution. The transmembrane
axolotl C,B domains have been less weli conserved when com-
pared to the mammalian C,B but they do maintain the lysine
residue that is thought to be involved in the charged interaction
between the TCRe43 heterodimer and the CD3 complex.

A fundamental question in the evolution of the vertebrate
immune system is the origin of the T-cell- and B-cell-specific
antigen receptors. Mammalian and avian T lymphocytes
recognize foreign molecules by using T-cell receptors
(TCRs), disulfide-linked TCRaf and TCRy6 heterodimers
(for review, see refs. 1-3). Each TCR a, f3, 6, and y poly-
peptide chain is composed of two immunoglobulin-like con-
stant (C) and variable (V) domains and the diversity of V
domains is achieved, as for immunoglobulin molecules, by
the use of different combinations of V, diversity (D), and
joining (J) segments and by junctional diversity during the
rearrangement of these segments (for review, see ref. 4). The
TCRaj, heterodimer (TCR2) seems largely responsible for
the recognition ofprocessed peptides by cytotoxic and helper
T cells in the context of the major histocompatibility (MHC)
class I and class II molecules. The TCRyO heterodimer
(TCR1) is mostly expressed by intraepithelial T cells and
would recognize antigens in either a non-MHC- or MHC-
restricted manner (4).

All the actually studied representative species of nonam-
niotic jawed vertebrates possess well-differentiated thy-
muses and elicit efficient immune responses that would be in
part, by analogy with the mammalian models, mediated or
regulated by thymus-derived cells. However, T-cell-
dependent responses have been experimentally demon-
strated in a very limited number of species (5), and until now,

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertisement"
in accordance with 18 U.S.C. §1734 solely to indicate this fact.

surface TCR-like molecules or TCR genes have not been
identified in ectothermic vertebrate species.
By starting from the consensus opinion that immunoglob-

ulin and TCR genes may be derived from a common ancestral
gene (6), our interest focused on an experimental strategy
that could help characterize TCR genes in ectothermic ver-
tebrates. Our thought started from the recently published
sequence analysis of a primitive Chondrichtyan fish (Hetero-
dontus francisci) light chain (7). The Heterodontus A chain
constant (CA)-like chains present important regions of nucle-
otide sequence identity with the avian and mammalian TCRf3
chains and an extensive sequence comparison of all known
vertebrate A light chains and TCR,B chains confirmed the
presence of long stretch of conserved nucleotides in the
N-terminal one-third of the CA and Cp domains. A 32-fold
degenerated 29-mer oligonucleotide corresponding to an area
of this conserved region was designed, which allowed the
cloning and structural analysis of cDNAs encoding the com-
plete TCR18 chain of an urodele amphibian species, the
Mexican axolotl.*

MATERIALS AND METHODS
Axolotls. Neotenic axolotls of the Ax6 strain were bred in

our laboratory colony in 14-16°C tap water. Immunizations
of adults were carried with trinitrophenol-coupled sheep
erythrocytes as described (8).

Isolation and Characterization of Axolotl TCR.8 cDNA
Clones. Total RNA (1 ,ug) from axolotl thymocytes was used
for the first-strand cDNA synthesis in the presence of the
3'-end first-strand primer 5'-GACTCGAGTCGACATCGA-
T17-3', as described (9). The amplification step was carried
out in 30 ,ul of reaction mixture containing ~'1% of the
cDNA RNA hybrid, the above 3'-end primer (2-4 ,ug/ml), the
TCRJ3 primer [5'-GGGAATTCAAGGC(T/C)AC(C/
A)CT(G/C)GTGTG(C/T)(T/C)TG-3'] (2-4 ,ug/ml), and 1
unit of Taq polymerase (Cetus) in 10 mM Tris HCl, pH 8.3/50
mM KCI/1.5 mM MgCl2/10 mM 2-mercaptoethanol/0.01%
gelatin. PCR was carried out in a Hybaid machine at 94°C for
0.6 min, 50°C for 0.6 min, and 72°C for 2 min for 30 cycles
followed by 9 min at 72°C (10). Amplified DNA (600 bp) was
purified (Geneclean) and cloned in the Sma I site of the
Bluescript vector (Stratagene). One of the clones (T600.8)
was sequenced in both strands by the dideoxynucleotide
method (11) using universal primers and synthetic oligonu-
cleotides and corresponds to the major part of Cj3 from aa 150
(12) to aa 288, followed by a stop codon (TGA) and the
complete 3' untranslated (UT) segment. An axolotl spleen
cell AZAP II cDNA library (13) was screened by hybridiza-
tion with a 390-bp random-primed 32P-labeled probe obtained
by PCR amplification of clone T600.8 using the above TCR,B

Abbreviations: TCR, T-cell receptor; V, variable; D, diversity; C,
constant; J, joining; Vf8, C,B, etc., /3 chain V region, ( chain C region,
etc.; UT, untranslated; EC, extracellular; TM, transmembrane.
*The sequences reported in this paper have been deposited in the
GenBank data base (accession nos. X70168 and L08498).
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FIG. 1. Northern blot analy-
sis of TCR3 gene expression.
Total RNA from axolotl thymo-
cytes (lane T), liver (lane L), and
ovaries (lane 0) was hybridized
to a 32P-labeled probe encoding
the C,81 region.

primer and a reverse primer complementary to the 3' end of
the C,B1 coding sequence (5'-TCACAGCTTTACTCTGCA-
CAT-3'). Positive clones were purified and excised in vivo
with the M13 VCS phage (Stratagene).
RNA Blot Analysis. Total thymus, liver, and ovary RNA

was denatured, fractionated on agarose formaldehyde gels,
transferred to nitrocellulose as described (13), and hybridized
with the Cp-specific 32P-labeled random-primed probe (see
above). After washing, the Northern blot was autoradio-
graphed at -80°C for 1-3 days.

A

Axolotl VP(22)
Mouse Vp14
'Rat VP14
Huran V018

> Leader >1<

RESULTS AND DISCUSSION
Characterization of cDNA Clones. A survey of the verte-

brate sequences encoding the C regions of the TCRO and
immunoglobulin CA chains indicates a strongly conserved
stretch of nucleotides around the first N-terminal cysteine
residue, which prompted us to design a moderately (32-fold)
degenerated 29-mer oligonucleotide primer that allowed the
amplification by RNA/PCR (9) of a 600-bp cDNA segment
from axolotl thymocyte RNA. This cDNA (clone T600.8)
encodes a putative polypeptide that has significant homolo-
gies with both the mammalian and avian C,B chains (data not
shown). This cDNA was used to screen an axolotl spleen cell
cDNA library and several clones were selected. Clones 24
and 1+ include 5'-truncated V,8 segments followed by iden-
tical Cf81 segments and complete 109-nt 3'-UT sequences.
Clone 22+(1) encodes a 5'-truncated leader segment followed
by a complete V,8 domain, a C. domain that represents a
second C132 isotype, and an almost complete 3'-UT 272-nt
sequence.
Lymphoid Tissues Specificafly Express CpmRNA. A North-

ern blot of total cellularRNA from axolotl thymocytes, liver,
and ovary was hybridized with a 32P-labeled axolotl C3
probe. A strong hybridization signal at -1.2 kb was obtained
with thymocyte RNA but none was detected with ovary and
liver RNA (Fig. 1).

Structure of the Axolotl V13. A search in the sequence data
base (GenBank Release 73) using the FASTA program (14)

VP3
G-T-T--C--T--. -¶ --A---GCOAA--AA---T-¶--CA-C--AC--C--G2XG---A-CA-A-----GA-AT

Cr-GC--TIGItT-----T--C--T--. -TG---A-C-G-CAAGG---A---T- G--CAGr--AC-CW --CAG--CA-C--A-----GACAT
--TIAT-CAT-A-. . 1--A--GACC--oc-G-A-C-T-¶m--CAGC ---C-C 2--GAG--CA- -----G----AACAT

Axolotl V4(22) _GCCACCACA. . XCPIA
Mouse Vp14 CA-G---TAACC-C---------T--C--GCCA--G-A-GCA-CC-CC-GCAA------TC--T-I1T--G--CA-G-AA-GC-G-G-T---ACIG-A-C-C---
Rat 14 CA----- CAACC-T---------T--C--GC----G-A-G-A-CC--C-GCAA------TAC--TTT-AT---CA-¶CAA-AT-&-G-T----C-G-A-C-C---
Huran V018 CA------ CAACC-T-------AC--GC-G--G---XC-CCC--------AC--C-TIr-TrI-A-CA-A-CAC1IAG-T--CCCAGAAICC---

VP >309
Axolotl V (22) U_
Mouse Vp14 . --IXA----AAG-ACG- -- C---- C--G----AG---G--T-TC-GCC--T-T-GCT-C --- C----T--------
Rat Vp14 .. --T7CCA----CAA G-Ac-- C-C--c-----AGr-A--C-TC-C-C--T-T-GCcT-C---C----T--------T
Hurn VM18 .. --CTCCA-A--CCAG-AC-G-C-GT-----TC-G--TC-AT---TAG-rC-C--C-¶C?G----T-T-GCT-C-- ----T- T

B
Axolotl Cp2l- _ _ -C--CA-Axolotl Cp2 --------------------------------------------------G--------------G-CCA---------------------------------------
Chicken Co -G-A--AACAGIGAA---IWi----AGAT--G---A-C - ----AA- --C--G-----AAG--G--A-----A--C-----CT-lGG ----T-Huan C2 -----CCT-AAA-A----T--C---C@SG----C7G-G--T--G------G-GZ------CC-C-OCCAA--G -----A----C- C--ACXC------
Axolotl Cpl ..............._piCr.L
Axolotl C02 ----------------------------------A-A-A-A------------- ---C-
Chicken Cp -----T---C---AT--AGT---AAG------IGT-AA--G---AGA--A--G3G3----.GAT- ....... .ACAqICA A--- -C-CT
Huran C2 --C-C------GCAiCX----C---- G----(GA---A-GT-CA--Gr-----C-G-A--CCCCCCIXAAG--GCAG---.. .GCCCT--A-- CC-GA

Axolotl CP1 . .GACCCAGTACKGCAGG
Axolotl Cp2 -___________C----G-------- ----------------------------------------------- A----------T-T-------A-
Chicken Cp -----AT- ----A-----A-AA-CT-AGCCAA--C--T-C- T-[---C--GA-----IT-CCA-T--T=............
Huran Cp2 ----G-------0----C---A--G-CT--0C-CCTT----CA------C--CCA----C-C---CAA--CC-G ---TAC-T-r1C-G-G-A¶GAC-AG-3G...
Axolotl Cpl GAG .......
Axolotl Cp2 ---.................. C------T----A-C---C----------G--CC----C-CC-C---A
Chicken p .. .AAGAAr[O2AACACATCAATATACAAAAAA.. T-T-T---TGA¶TACT--C----A-A-TCr-A----AAAC-A--AG--A-----T-C---G-A-
Hurran CP2 PJCA-C C---T--TA-A-C--AC ----CT-CA-CC C --T-AC-XACCA-G-¶ --CC-CC

Axolotl Cp1
Axolotl Cp2 --GA-C--T---------A-3----------CT---C--GA-X-G----ATGCTG A - A-
Chicken CD --T-T----A-AA-----CA-1UI -T----ATITTI ----- ATA----I-2--- G---C1'T-GC ---AAAAIGT-CMW
Hurn C2 A--C'-TG --A-Cr--C-AGO-4-<C-A--TIG--C--C-G-C{:-CCA-C7AMCC-TGCAAGAGTIAA0CM

Axolotl Cpl c¶ITCA= I A(lIAIC (A) n
Axolotl Cp2 X

Axolotl C'2Cl
Axolotl Cp2 CAAIGA CAACTG

FIG. 2. (A) Nucleotide sequence of the axolotl cDNA clone 22+(1) Vf3 aligned to rodent V,B14 and human V,B18 segments. The overall
nucleotide identity between the axolotl V,B and murine V,B14 regions is -56%. (B) Nucleotide sequence homology of the axolotl C,B1 (clone 11)
and C/32 [clone 22+(1)] regions and the equivalent chicken C,B (3) and human C,82 (18) regions. Stop codons are in boldface type, the 3'-UT
sequences are indicated only for the axolotl genes, and the putative polyadenylylation signal sequences are underlined. In A and B, residues
identical to the axolotl V13 and C,31 sequences are denoted by hyphens and spaces, introduced to optimize homology between coding sequences,
are indicated by dots.
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> VP >x N DO N >< Jp >
Cys Gly PheGly Gly Leu

24 C!GIA/C
1- /Cfl

22+ (1) -GACT--C!(3CC1WACA---C... --- CAGrA---AG-A---A--C--G,----C--T--CG-C/C2

FIG. 3. Nucleotide sequence of the 5' end of cDNA clones 1+ and 22+(1) compared to the equivalent sequence of clone 24. Above the
sequences are indicated the putative limits of the VP, D,B, and Jf3 regions and the conserved amino acid residues.

revealed significant similarity scores (150 < opt < 250)
between the axolotl V822+(1) segment and the aligned VP
sequences belonging to the rodent V,814 family (15, 16) and
the corresponding human V1318 family (17) (Fig. 2A). At the
amino acid level, the axolotl V,B matches the mammalian V,8
for most of the characteristic residues (see Fig. 4A) including
the invariant amino acids Gln-6, Pro-8, Cys-23, Trp-34,
Tyr-35, and Cys-92, according to the Kabat numbering sys-
tem (12). In rodent V1314 and human Vf318, positions 62A, 63,
and 64 are lacking and a leucine residue is found in position
65, thus leading to some difficulty to classify these families
according to the Kabat V,BI/V,BII subgroups (19). In axolotl,
a putative salt bridge could form between His-62 and Asp-86
and a phenylalanine residue is found in position 65. The J,B
amino acid sequence of clone Vf322+(1) conserved the four
mammalian J,B invariant residues (Phe-108/Gly-109/Xaa/
Gly-lll/Xaa/Xaa/Leu-114) (12). Clones 24 and 1+ use iden-
tical Jf regions, different from the clone Vp22+(1) J,B, and the
V,B 3' end of clone 24 is clearly different from the corre-
sponding segment in Vp22+(1) (Fig. 3). The conserved gly-
cine residue in the junctional area between the V,8 and J,B
regions and the different sizes of these areas provide evi-
dence for DP-like segments and for junctional hypervariabil-
ity in the axolotl VP3 complementarity-determining region 3.

Structure of the Axolotl C3l1 and C,82 Regions. The axolotl
C,81 sequence was compared with the NBRF sequence data
base (Release 35) by using the FASTA alignment program (14).

A
N° (KABAT)
Axolotl Vp(22)
M,use V4
Rat VW14

B
N° (KABAT)
Axolotl C 1
Axolotl C02
Chicken Co
Bovine Co1
Rabbit 43
Hunan C2
Mouse (12

Axolotl (41
Axolotl C42
CGhicken C}
Bovine (41
Rabbit (4
Hunan c12
Mouse C42

Axolotl C81 is most closely related to the chicken C,8 (opt =
317) followed by various mammalian C,81/Cf32 sequences
(217 < opt < 267). Significant scores were also found with
mammalian CA and CK chains, with the chicken CA chain, and
with Chondrichthyan CA-like sequences. Extensive nucleo-
tide sequence homology can be seen between large areas of
the axolotl C,81 and CP2 genes (Fig. 2B). Of the first 100
codons at the 5' end, 88 are completely conserved and 2
present synonymous substitutions. Such high conservation
between genes that duplicated =130 million years B.P.,
before the Ambystomatidae speciation (20), must be of
survival importance and cannot be accounted for merely by
the selective environmental pressure. Therefore, it would
seem that there exists a gene correction mechanism, such as
gene conversion, similar to that suggested for mammalian
immunoglobulin and C,8 genes (21-23). The highly divergent
3'-UT and transmembrane sequences of the C,81 and C,82
cDNAs rule out the possibility that the corresponding genes
are highly diversified C, alleles. The axolotl C8 sequences
encode constant regions of 154 (C,31) or 156 (Cf32) aa (Fig. 4B)
that can be compared to the chicken C1 (157 aa) but are
significantly shorter than mammalian C,8 (179 aa in humans).
Most of this size difference is located at the level of the
connective peptide, which is 14 aa shorter in the axolotl. In
the extracellular (EC) domain, 39 residues (=40%) are con-
served in the axolotl, avian, and mammalian C13 chains,
including most of the residues considered to be important for

> L > < VD > VD ><NI Jo >
1 6 8 16 23 34 65* 86* 92 110 114

LLIIQYcPrIHnG4RFASPAAGIPesVIElISK NVYYKFPSEPFEMLF IFLE E FILRTESLL AvYFCW. .SIFU;YFBI TLVW
A----- W-VAEIK-V-N-LSLG-TI--KSS-NL---WQ IrQ--Y-I-V-QVESWQL,$-S--KDDQ---S--K--LSH9GF-L---SP-DW--E---- P--R---L

LDVSA-----W-AVKVQ-V-S-LSLQ-T---TS--NL---WA-OI'LQ2--Y-FNV-QSELVVO -S--KSEQ---S--K--LTH9GF-L---SPGQGSYE----P -----L
----W-ATLVQPV-S-LrLE-T-E-TS--NM----QMQL--Y-IGMQIISSEVPQLZ-S--ERQ---SSSS--LS-9F-L---SRQEAV=--S--R- ---

=== ==== === = = == = = = = == ====

+ x x/ / xx x/x/ /
0 0 0 0 0 0

< ~~~~~~~~~~~~~~~~EX-ST.TI
117 147 161 203 212

EIIL5V...DSPNLR3PRPEKMXYSVSASRFTRVCTnN1. PHRU,SYF.DPEIVSTRE........ .

----------------------EP --E - -----T-----.------------RE--------------.-- --K- .
GKNSEIIE-D--I-S--K---E-K--------9FF---LN-V-K--GVKR-E--G ......EIS.T%M.T---T----ISAQE-F--L-R-E-IAN-F..........KNJIQQSI
DDL9Q-HP-K-AV-E--EA-----------GF-----E-T-W--RKQV----S--PEPYKI-.ARD-S.R--------V-AAF-H--R-H---Q-Q-HGLTDQDQWE-4ERAKPVr
-DLLSAN-Q--V----EA---------KDF----E-S-W-- N--S--PQPYKOD.-KSDHSS.K----- VSAAF-H--R-H---Q-Q-F!TL'DEW.TYNSSKPIT
-DLKN-FP-E-AV-E--EA--SHT-------F-----E-S-W -GEVHS--S--PQPLKBQ- .AL&--.R-C------VSATF-Q--RH---Q-Q-YGLSENDE.T RAKPVr
-DLEIP-K-S--E--KA--AN --------RGFF ----E-S-W--G{HS--S--PQAYKE-N.Y..... S-C ------VSATF-H- -R-H-----Q- -LSEEEKWP- .GSEKPVr

+/ / x/ + x xx x x/ o x
0 0 00 0 0

x< H x< TM x< CYT >
247 288

...... .. lSRS5GRFAYLLLVSKSAAYGLFVlIlVKL
.---- D--L-A----T--NrA-LT----M----L--IL--LLVLKR-STN
QKI .. . IY-Dr--DIFKENYDR--TA-K-V-IM-IF--IL--I--MN4-LWY-KMY
QgZAEW--AD----SA-YQQGVLATLL-EI LG-ATL-AVL-SALLVV}IPES
CL,-R--AD--ISSA-YQQGVLSATVL-EI-LC-ATL-AVL-SALVINMVKRKD
QIVSAEAW--AD--F-SV-YQOIGLSATIL-EI-LG-ATL-AVL-SALVLAMVKP.KEW,
QAEAW--AD--I-SA-YHQVLSATIL-EI-LG-ATL-AVL-SVLMAMVK S

FIG. 4. (A) Amino acid sequence homology of axolotl VP [clone 22+(1)], rodent V,B14 (15, 16), and human V,B18 (17) domains. The putative
limits of leader (truncated), VP, DP, and J,B segments are indicated above the sequences. (B) Amino acid sequence homology of the C,B1 and
C,B2 axolotl regions and chicken (3), bovine (24), rabbit (25), human (18), and mouse (26) C,B regions. The sequence is divided into four sections,
according to the corresponding known mammalian exons (18, 26) encoding the presumptive EC (EX-CELL), hinge (H), TM, and cytoplasmic
(CYT) regions. In A and B, residues identical to the axolotl V, and C(81 sequence are denoted by hyphens and spaces, introduced to optimize
homology between sequences, are indicated by dots. The conserved cysteine and tryptophan residues are in boldface type and sites of potential
N-linked glycosylation are underlined. Important conserved amino acids are numbered according to Kabat et al. (12), and in the V,B sequence,
asterisks indicate the His-62 and Asp-86 residues that could form a putative salt bridge (19). Notations below the sequence signify characteristic
amino acids: =, conserved in all sequences; x, a-strand characteristic residues at positions where the side chains point inside the sheet; o,
hydrophobic residues thought to be buried in the domain core; +, two proline residues considered to be important in the architecture of loops;
/, residues occupying key positions in domain-domain contacts (27).
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FIG. 5. Helical wheel representation of the axolotl TCR C,81 TM
sequence from Phe-263 to Thr-280. Conserved residues (circled) are
clustered on one face of the helix; the lysine (K) residue is circled
with a thick line.

the organization of the TCR CA3 EC region into an immuno-
globulin-like domain consisting of multistrand l3-sheet bilay-
ers (Fig. 4B). The extra cysteine (Cys-191) residue that is
present in all known mammalian C(3 chains is lacking in both
axolotl and chicken C,B chains (3). The hinge region appears
to be well conserved, including the Cys-247 residue, which is
thought to covalently interact with the TCRa chains. A
majority of the hydrophobic amino acids are found in the 36
residues of the transmembrane (TM) region. However, four
charged hydrophylic residues (Asp-252, Arg-255, Lys- or
Asn-259, and Arg-262) are present at the N-terminal end of
the TM region and may not in fact be buried in the membrane
bilayer. The TM region carries a positively charged lysine
(Lys-271) flanked by strongly hydrophobic tyrosine, leucine,
and valine residues. These amino acids would all lie on one
side of an a-helix ifthe TM segment adopted such a structure
(Fig. 5) and may form an important surface interaction with
another TM domain belonging to a putative polypeptide that
could be an element of a conserved CD3-like molecule (28).

In Table 1, the axolotl Cl3l and its putative EC and TM
domains are compared to the corresponding axolotl C(32,
chicken C3 (3), and human C,B2 (18) regions. At the nucle-
otide level, the human and chicken EC domains present
>55% identical residues with the corresponding axolotl re-
gions. The axolotl C/31 and CP2 TM domains are equally
divergent between themselves and with the chicken TM
domain but are less similar to the human TM domain.
Our results show that the overall structure of the TCRP

chain is conserved in tetrapods and that it contains elements
that in mammalian species are involved in molecular inter-
actions with the companion TCRa chain and some of the

Table 1. Percent of nucleotide and amino acid matches for the
axolotl C/32, chicken Cp, and human C,82 chains relative to the
axolotl C/31 chain

% identical residues

Overall C,B1 EC domain TM domain
Chain chain (aa 1-111) (aa 118-154)

Axolotl C,B2 85.9/80.5 94.7/90.0 60.0/63.8
Chicken Cf 54.0/32.8 55.6/43.5 59.0/41.6
Human C,82 51.4/41.0 56.0/45.4 37.2/25.0
The first number represents percent identities at the nucleotide

level and the second number is at the amino acid level.

polypeptides that form the CD3 complex. This observation is
reinforced by the recent characterization of a surface multi-
molecular complex on the immunoglobulin-negative axolotl
peripheral lymphocytes that could be the amphibian equiv-
alent of the advanced vertebrate CD3/TCR complex (F.K.,
F.G., J.C., and A. Tournefier, unpublished data). The very
large size of the axolotl genome [=42.0 pg of DNA per
haploid genome (29)] led to considerable theoretical and
technical difficulties for the construction and screening of
representative genomic libraries and for the determination of
restriction maps by the Southern blot hybridization tech-
nique. Thus it is not actually possible to give an estimation of
the potential number of the C/3 genomic elements or to
estimate the number ofVP genes correlated to the V,822+(1)
segment.
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