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ABSTRACT

The complete sequence for the constant and 3' untranslated regions
of a mouse y2a immunoglobulin heavy chain mRNA is reported. The sequence is
1093 nucleotides long coding for the CHI (amino-acids 118-214), the Hinge
(215-230), the CH2 (231-340) and the CH3 (341-447). The 3' untranslated re-
gion is 103 nucleotides long preceding the poly(A). The nucleotide sequence
predicts as in the case for yl and y2b heavy chains an additional lysine
residue before the termination codon. This sequence has been compared to
the corresponding sequences of yl and y2b heavy chain mRNAs. These sequen-
ces are respectively 75% and 84% homologous. The CH2 domains of y2a and y2b
are 95% homologous at the nucleotide level. The cross-over point of a y2a -
y2b heavy chain variant is located in a segment of 73 perfectly matching
nucleotides. The 3' non coding regions of y2a and y2b are 89% homologous.

INTRODUCTION

Myeloma proteins and antibodies have been shown to have a basic struc-

ture consisting of two identical light (L) chains (MW 22000) and two identi-

cal heavy (H) chains (MW 50000). The light and heavy chains are divided in-

to consecutive homology regions having approximately 11'0 resi dues. These do-

mains consist of a disulfide loop of about 65-70 residues and a connecting

segment. Each domain is associated with a different function. Sequence stu-

dies and X-Ray cristallography studies have shown that an antibody combi-

ning site is formed by non-covalent interactions between the NH2 terminal

domains (V regions) of the light chain and the heavy chain (for review, see

reference 1). Immunoglobulins are divided into five different classes (IgM,

IgD, IgG, IgA and IgE) which are determined by the amino sequence of the

three of four COOH terminal domains of the heavy chains (1). Analysis of the

structure of the constant regions of light and heavy chains suggests that

heavy chains have evolved by gene duplication from a common ancestor with

light chain (for review, see reference 2). The constant domains of light and

heavy chains are encoded by distinct exons (3-11).
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In the mouse, the IgG class can be divided into four subclasses: yl, y2a,

y2b, y3, each of them containing three domains : CHI, CH2, CH3 and the Hinge

region. Amino-acid sequence studies of mouse and human heavy chains and nu-

cleic acid hybridization with cDNAs complementary to heavy chain mRNA of dif-

ferent y subclasses demonstrated that the y subclass chains are more closely

related to each other than to p or a chains and that y2a and y2b proteins

share considerable homology (12,14). The results suggest that the y chain

class has evolved by gene duplication of the three domain structure (13,15).

In the present report we present the complete sequence for the constant re-

gion and for the 3' untranslated region of the mouse Balb/c y2a immunoglobu-

lin heavy chain mRNA. This sequence has been determined from a bacterial plas-

mid (pG2a-10-21) containing a full length transcript of a y2a heavy chain

mRNA (16). This sequence has been compared to the corresponding sequences of

y2b and yl heavy chain mRNAs (7,9).

MATERIALS AND METHODS

1 - Chemicals and Enzymes
32 32

(y - P) ATP and 3'-(a - P) dATP (Cordycepin triphosphate) were

respectively obtained from the Radiochemical Centre Amersham (England) and

from New England Nuclear (Boston, Massachusetts, U.S.A.). T4 polynucleotide

kinase and calf thymus terminal deoxynucleotidyl transferase were purified as

previously described (17,18).-BamHI, PstI and AluI were purified according to

the published procedures (19). All other restriction endonucleases were ob-

tained from New England Biolabs.

2 - DNA

The construction and the characterization of the E.coli strain car-

rying the hybrid plasmid (pG2a-10-21) containing a full length transcript of

a y2a heavy chain mRNA has been previously reported (16). The supercoiled DNA

was purified according to Katz et al. (20).

3 - DNA sequencing

DNA fragments were labelled either at 5' ends using (y - P) ATP and

polynucleotide kinase in the exchange reaction (21) or at 3' ends by incorpo-

ration of 3'- (a - 32P) dATP with terminal transferase (22). Partial chemical

degradation was performed according to Maxam and Gilbert (23) (Four base reac-

tions were used: G, G+A, C+T, C). The products were analysed on 20% and 8%

0.35 mm thick urea-polyacrylamid gels according to Sanger and Coulson (24).
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RESULTS AND DISCUSSION

1 - Nucleotide sequence of the constant and 3' untranslated regions of the
y2a heavy chain mRNA

The strategy for sequencing the plasmid [pG2a-10-213 containing a full

length transcript of a y2a heavy chain mRNA is presented in Fig.1. The DNA

fragments endlabelled as described in Methods were either cut with another

enzyme or subjected to strand separation (23). The exact boundaries of the

domains have been assigned from the protein sequence data (12) and by the

alignment maximizing homology with the domains of the y2b protein, establi-

shed by location of intervening sequences (8,9,25). The complete sequence of

the constant and untranslated regions (1093 residues) of the y2a heavy

chain mRNA is presented in Fig. 2. The sequence starts with Ala at position

118 of the y2a protein sequence (12) and ends with the poly(A) segment of the

mRNA. The nucleotide sequence predicts the complete amino-acid sequence of

the constant region of the Balb/c y2a heavy chain consisting of the CH1 (ami-

no-acids 118-214), the Hinge (215-230), the CH2 (231-340) and the CH3 (341-

H-4 HH-4~4-4 ~ 4-4 44
H

44
H

44 -I C 0EO e D e U U o a u O

01 > *_ 4 , 0 > f e -4 A0 e- 04
ai m 3 ~~~~~~mx mr Env:u = 3 -u :C: n

151xp[ VH I CH1 IHI CH2 I CH3 13 UIp
UT

118 215 231 341 447

1 OObp

Fig. 1 Sequencing strategy. Restriction sites used for sequencing are in-
dicated in the upper part of the figure.
3' end labelling was used only for the two SacI sites (see Methods).
The horizontal arrows represent the direction and range of the se-
quence. The different segments of the mRNA are delimited by verti-
cal bars on the lower part.
5' UT and 3' UT : untranslated regions of 5' and 3' extremities,
CH1, CH2, CH3 : regions coding for the different domains of the
protein.
Xp = extra-piece segment ; H = Hinge; pA = poly-adenylic acid.
The limits of constant domains are indicated by the first amino-
acid position (see also Fig. 2).
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447). The untranslated region consists of 103 residues, starts with UGA and

ends with GU at the poly-adenylation site. Like other mRNAs from eucaryotic

organisms,the 3' untranslated region contains the hexanucleotide AAUAAA, lo-

cated 26 nucleotides from the poly (A) (26,27).

The amino-acid sequence deduced from DNA sequencing has been compared with

the amino-acid sequence of the y2a protein of MOPC 173 established by

Fougereau et al. (12). Twenty-five differences have been observed, ten of

them are exchanged Asn + Asp or Gln +. Glu. Fifteen are substitution or dis-

placement of amino-acids. The DNA sequence also predicts an additional lysine
at the carboxy terminal end which is not found in the secreted serum protein.

The same evidence for a post translational processing of a lysine has been

reported in the case of y2b and yl heavy chains (7,9,25).
2 Comparison of the coding sequences of y2a and y2b mRNAs

y2a and y2b sequences have been aligned in order to maximize the homo-

logy between the two closely related genes (Fig. 2). Amino-acid or nucleotide

matches have been counted for each segment of the coding sequence. The CHii of

y2a and y2b exhibit considerable homology since their sequences can be ali-

gned without deletion or insertion (Fig. 2). Thirty-seven base changes have

been found accounting for 13 amino-acid changes and 21 sillent mutations.

The Hinge of y2a is shorter than the Hinge of y2b. Two deletions have to be

introduced in order to maximize the homology: Ile - Ser at position 219-200

and Lys - Glu - Cys - His at position 227-228.

The sequences of the 48 matching nucleotides differ only by 2 residues

(96% homology). As expected from protein sequence data, the CH2 of y2a and

y2b are highly conserved. 94% of the amino-acids are identical corresponding
to 95% homology at the nucleotide level. The most striking feature of the

comparison of the CH2 domains is the total identity of 73 nucleotides between

position 305 (Ala in y2a and Thr in y2b at position 307), and position 330

(Ala in y2a and Ser in y2b at position 332). This segment corresponds to the

cross-over region in the CH2 domain in a variant of the MPC 11 myeloma cha-

racterized by Birshtein et al. that synthesizes a y2b - y2a hybrid heavy

chain (25,28). Because of the identity of the two sequences in this region,
it is difficult to know exactly the cross-over point. If hybrid proteins are

generated by cross-over involving homologous recombination, it can be suppo-

sed that other variants could be generated by recombination in regions com-

pletely hologous such as the region between positions 271 and 299 where
81 nucleotides match perfectly. The highest variability is found in the CH3

domain. Out of 107 amino-acids only 65 are conserved ; this corresponds to
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about 61% of hology at the DNA level. Nevertheless, the silent mutation ra-

te is only slightly higher than in the CH1. Thus, the alteration rates of

triplet coding for similar amino-acid at the same position are respectively

CHI (7.9%), Hinge (0%), CH2 (1.3%) and CH3 (9.2%). This relatively low rate

of codon alteration is also illustrated by the pattern of codon utilisation

(Tab. 1). It appears clearly that the codon usage for the constant regions

of y2a and y2b is very similar. This suggests selective pressure for more

preferred codons.

3 - Comparison of 3' untranslated regions of y2a and y2b mRNAs

The 3' non coding regions of y2a and y2b have exactly the same length

of 103 residues and the same dinucleotide GJ at the poly-adenylation site.

The two sequences exhibit an unexpected high degree of homology since out of

103 aligned nucleotides 90 match perfectly (89% of homology). For comparison,

it can be noted that globin mRNAs have 94% homology in their

coding regions and only 70% in their 3' non coding regions(29) .Ihe,obtervation
that the 3' non coding region is as conserved as or more conserved than some

of the coding regions suggests that some parameters such as secondary struc-

ture, mENA stability or translational efficiency could exert selective pres-

sure on the primary structure of the mRNA.

4 - CoWarison of C regions of murine yl, y2a and y2b heavy chains

The comparison of the amino-acid and nucleotide sequences of the cons-

tant regions of yl, y2a and y2b is presented in Tab. 2 and Fig. 3. We compa-

y2a y2b y2a y2b y2a y2b y2a y2b

F (Phe) UUU 1 1 S (Ser) UCU 4 5 Y (Tyr) UAU 3 2 C (Cys) UGU 4 4
UUC 8 8 UCC 8 10 UAC 7 8 UGC 6 7

L (Leu) UUA 0 0 UCA 4 7 (Ter) UAA 0 0 (Ter) UGA 1 1
UUG 3 2 UCG 3 0 UAG 0 0 W (Trp) UGG 6 6

L (Leu) CUU 0 1 P (Pro) CCU 7 6 H (His) CAU 1 2 R (Arg) CGU 0 0
CUC 7 8 CCC 8 8 CAC 8 6 CGC 0 0
CUA 2 2 CCA 14 15 Q (Gln) CAA 1 2 CGA 0 0
CUG 9 9 CCG 2 2 CAG 8 7 CGG 2 2

I (Ile) AUU 2 2 T (Thr) ACU 9 9 N (Asn) AAU 3 4 S (Ser) AGU 4 6
AUIc 9 12 ACC 12 10 AAC 12 11 AGc 12 14
AUA 1 1 ACA 9 10 K (Lys) AAA 10 13 R (Arg) AGA 6 4

14 (Met) AUG 6 4 ACG 1 2 AAG 14 11 AGG 0 1

V (Val) GUU 0 1 A (Ala) GCU 3 5 D (Asp) GAU 7 7 G (Gly) GGU 6 5
GUC 13 13 GOC 5 3 GAC 8 9 GGC 2 3
GUA 5 3 GCA 2 2 E (Glu) GAA 7 1 GGA 4 6
GUG 18 16 GCG 1 0 GAG 10 14 GGG 3 4

Table 1. Codon usage for the C region of the y2a and y2b (9) heavy chain mRNAs.
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Table 2. Comparison of mouse ysubclass C region amino-acid and nucleotide sequences.
The sequences were aligned to maximize the percent homology (amino-acid or
nucleotide identities x 100 / total number of amino-acids or nucleotides com-
pared). The upper portion of the square gives the amino-acid percent homolo-
gy, the lower portion the nucleotide percent homology. In brackets is the
number of gaps required followed by the total number of nucleotides included
in the gaps. The data for y2b are from (9), those for yl from (7) and (30) for
the 3' UT region.

il
612

w_____~~~~~/////2a/&b

CH1 H CH2 CH3 3'UT

00
99
dd

d u
I I
d i

- 95-100 88-90 70-77 55

% homology

Fig. 3: Homology maps of y2a, y2b and yl mRNAs:
Increased homology is shown by increasing density of hatching.
Insertions (i) or deletions (d) are shown as loops with the number
of nucleotides indicated.
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red the y2a sequence presented here with yl and y2b sequences published by

Honjo et al. (7) and Yamawaki-Kataoka et al. (9).

It appears that the CHI and the CH3 of the 3 proteins can be aligned

without introducing a gap. These conclusions are different from those deri-

ved from the protein sequence. Comparing corresponding domains two by two, it

appears that the rates of divergence of one CHI relatively to another are

very similar, since they exhibit 88% of homology at the nucleotide level.

In contrast, the maximum of divergence is found in the CH3 domain with about

70% of homology while an intermediate rate of divergence is observed when

comparing the CH2 from y2a and y2b with yl. In contrast, the CH2 of y2a and

y2b are highly conserved with 95% of homology at the nucleotide level.

The maximum of divergence is found in the Hinge where deletion or insertion

have to be introduced to maximize the homology.

The 3' non coding region appears to be at least as conserved than some

of the coding regions. It is worth noting that the three 3' non codinQ re-

gions of yl (30), y2a and y2b (25) heavy mRNAs have exactly the same length

of 103 nucleotides. Nevertheless, the poly-adenylation site is not the same

for similar classes of proteins : GU has been found for y2a and y2b (9,25),

GC for yl (30), whereas UG has been found for K chains (31,32).

Comparative sequences of IgG subclasses led to the hypothesis that

subclasses resulted from recent tandem duplication (13,15). Studies on the

homology of domains from IgG subclasses reported here show that the evolu-

tion of corresponding domains occurs with variable rates of divergence.

It is generally assumed that preservation of homology correlates with

function. Nevertheless, at the present time the biological signification of

the codon usage pattern and the conservative structure of the 3' non coding

region remain unclear.

The determination of the corresponding flanking and intervening se-

quences of the C y2a gene would permit to obtain a more complete knowledge on

the molecular mechanisms of the evolution of the y subclass.
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