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ABSTRACT

The preimplantation-embryo-development (Ped) gene, a gene that controls the cleavage rate of preimplanta-

tion mouse embryos, maps to the Qa-2 subregion of the mouse major histocompatibility complex (MHC). A

highly sensitive enzyme-linked immunosorbent assay (ELISA) procedure was used to detect Qa-2 antigens on

mouse embryos. The use of a monoclonal antibody specific for Qa-2 antigens showed that Qa-2 antigens were

present on oocytes, 2-cell, 8-cell, and blastocyst-stage embryos, with the greatest expression found on blasto-

cysts. Expression of Qa-2 antigens by the embryos correlated completely with Ped gene phenotype. Those

embryos expressing the fast Ped allele showed the presence of Qa-2 antigens (Qa-2a mice), whereas those embryos
expressing the slow Ped allele showed the absence of Qa-2 antigens (Qa�2b mice). It is hypothesized that the

Qa-2 antigen may be the Ped gene product.

INTRODUCTION

The preimplantation-embryo-development (Ped)

gene, linked to the mouse major histocompatibility

complex (MHC), the H-2 complex, influences the rate

of cleavage division of preimplantation mouse embryos

(reviewed in Warner, 1986). Three classes of proteins

are encoded in the mouse MHC. Class I molecules are

membrane-bound glycoproteins, all of which have a

similar structure, a 40,000- to 45,000-dalton heavy

chain and a 12,000-dalton light chain. The main types

of Class I molecules are the H-2, Q, and TL antigens.

The H-2 antigens are crucial for self vs. nonself

recognition and the regulation of cell-cell interactions

in the immune response (Dorf, 1981). H-2 antigens

are highly polymorphic and widely distributed on all

tissues and organs of the mouse (Klein, 1975),

including preimplantation embryos (Searle et a!.,

1976; Krco and Goldberg, 1977; Webb et al., 1977;
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Cozad and Warner, 1981; Sawicki et al., 1981; Cozad

and Warner, 1982; Goldbard et a!., 1984; Warner and

Spannaus, 1984; Goldbard et al., 1985; Warner et al,

1985a,b).

The Class I antigens encoded in the Q/TL region of

the mouse MHC have no known function. Serological

and biochemical studies have shown at least four

distinct Class I protein products encoded in the Q/TL

region, which have been designated Qa-1, Qa-2, Q10,

and Tla (Flaherty, 1981; Devlin et al., 1985; Soloski

et a!., 1986). The Q and TL antigens are much less

polymorphic and much less widely distributed than

the H-2 antigens (Kincade et al., 1980; Flaherty,

1981).

The analysis of congenic strains has suggested that

the Fed gene is located in the Qa-2 subregion of the

mouse MHC (Warner, 1986). This has led us to

hypothesize that the Ped gene product may be the

Qa-2 protein. The purpose of the present paper is to

report data on Qa-2 antigen expression on preimplan-

tation mouse embryos. The use of a highly sensitive

enzyme-linked immunosorbent assay (ELISA) tech-

nique has allowed us to detect Qa-2 antigens on
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oocytes and all stages of preimplantation embryos.

The presence of Qa-2 antigens on the embryos is

consistent with the hypothesis that the Ped gene

product is the Qa-2 protein.

Mice

MATERIALS AND METHODS

CF1 mice (outbred) were obtained from Charles

River, Wilmington, DE. The C57BL/10J (BlO),

C57BL/6J (B6), and B10.BR mice were purchased

from the Jackson Labs, Bar Harbor, ME. The B6.K1

and B6.K2 mice were developed and bred by L.

Flaherty. These two strains are congenic and differ

only at the Qa-2 subregion of the mouse MHC. The

Qa-2 genotype of the inbred strains is as follows:

C57BL/10J (Qa-2a), C57BL/6J (Qa-2a), B10.BR

(Qa-2b), B6.K1 (Qa-2b), B6.K2 (Qa-2a). Mice were

superovulated and embryos collected as described

previously (Warner et a!., 1986).

Antisera and Monoclonal Antibodies

Polyclonal antiserum to Qa-2 antigens was prepared

as described previously (Flaherty et al., 1975).

Monoclona! antibody to Qa-2 antigens, designated

D3.262, was generated by somatic cell fusion ac-

cording to the method of Ga!fre et al. (1977). The

D3.262 monoclona! antibody is directed to Qa-2a.

Specificity of this monoclonal antibody has been

confirmed by the immunoprecipitation studies of

Sherman et al. (1984) and the cytotoxic T cell studies

of Forman et a!. (1982). The monoclonal anti-

body does not crossreact with any known H-2K or

H-2D allele, and its reactivity against cells from adult

mice correlates completely with the strain distribu-

tion of Qa-2.

Normal mouse serum was used as a negative

control for the studies with the polyclonal anti-Qa-2

antiserum. Because D3.262 is an immunoglobulin

M (1gM) antibody, an unrelated anti-sheep, red blood

cell-IgM monoclonal antibody was used as a negative

control in the experiments utilizing D3.262. The

anti-sheep, red blood cell-monoclonal antibody,

N-S.2.1, was purchased from the American Type

Culture Collection, Rockville, MD.

Enzyme-Linked Immunosorbent

Assay (ELISA) Procedure

The use of the ELISA procedure to detect surface

antigens on preimplantation mouse embryos has been

described previously (Goldbard et al., 1984; Warner

et a!., 1986). In the studies using the polyclonal

antiserum, both the polyclona! antiserum and normal

mouse serum were used at a 1:10 dilution. The

second antibody, rabbit anti-mouse IgG, was used at a

1:100 dilution of an affinity-purified (i- and L-

chain-specific) stock solution of 1 mg/ml (Cappel

Laboratories, Cochranviile, PA). Protein-A-j3-galacto-

sidase (Zymed, Burlingame, CA) was used at a 1:50

dilution and substrate, o-nitro-phenyl-p-D-galacto-

pyranoside (Sigma, St. Louis, MO), at 4 mg/mi.

In the studies using the monoclonal antibody, both

D3.262 (anti-Qa-2) and N-S.2.1 (negative control)

were used at a 1:10 dilution of ascites fluid. The

second antibody, rabbit anti-mouse 1gM, was used at

a 1:100 dilution of an affinity-purified (j.z-chain-

specific) stock solution of 1 mg/mi (Cappel

Laboratories). Protein A-i3-galactosidase was used at a

1:50 dilution and substrate at 4 mg/ml.

RESULTS

The first set of experiments was designed to detect

Qa-2 antigens on mouse blastocyst stage embryos.

The results in Figures 1 and 2 show that both poly-

clonal conventional antiserum (Fig. 1) and mono-

0

BL6 B6.K1 B6.K2 B10.BR

Blastocyst Embryos
FIG. 1. Reactivity of anti-Qa-2 polyclonal antiserum with blasto-

cyst-stage embryos. Results of the ELISA are expressed as A410 per 5

embryos and are adjusted by subtraction of the A410 of embryos

treated with normal mouse serum. A minimum of 20 embryos was

used from each strain (CF1, BL6, B6.K1, B6.K2, B1O.BR) and the stan-
dard deviations are shown as ertor bars.
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CF1 BlO B1O.BR BL6 B6.K2 B6.K1

Blastocyst Embryos

FIG. 2. Reactivity of D3.262 (anti-Qa-2) monoclonal antibody

with blastocyst-stage embryos. Results of the ELISA are reported

at A410 per 5 embryos and are adjusted by subtraction of A410 of
embryos treated with the control antibody, N-S.2.1. A minimum of

20 embryos was used from each strain (CF1, BlO, B1O.BR, BL6,

B6. K2, B6. Ki) and the standard deviations are shown as error bars.

clonal antibody (Fig. 2) are able to detect Qa-2

antigens on mouse blastocysts. The results are exactly

as predicted from the known Qa-2 genotypes of the

mice tested. The higher than expected value seen for

the B10.BR strain in Figure 1 may be due to different

background genes in BlO mice as opposed to B6

mice. Interestingly, the outbred strain, CF1, shows

the same profile as the strains expressing Qa-2a. Thus,

Qa-2a must be the predominant allele in this mouse

population. The expression of Qa-2 antigens on CF1

embryos allowed us to undertake the next set of

experiments, the development study, which required

the large number of embryos readily available from

the outbred CF1 mice.

The results of the ELISA procedure on oocytes,

and 2-cell, 8-cell, and blastocyst-stage embryos from

CF1 mice, are shown in Table 1. Each experiment

contained a common point, the oocyte point, and

results were normalized to this point in Experiment 1

to accommodate day-to-day variation well known to

occur in ELISA tests. The data in Table 1 were

pooled, with the results graphed in Figure 3. It is seen

that Qa-2 antigen expression increases markedly in

blastocyst-stage embryos.

DISCUSSION

The experiments reported in this paper show that

Qa-2 antigens are present on preimplantation mouse

embryos. Those strains possessing the Qa-2a allele

express a protein product on the embryos, whereas

those strains possessing the Qa-2b allele do not. Thus,

gene expression by the embryos is the same as for

adult cells. The absence of a protein product in

Qa-2b mice may represent a deletion at the DNA level

(Flaherty et a!., 1985).

The amount of Qa-2 antigen per embryo increases

dramatically at the blastocyst stage of development.

However, the number of cells per embryo also in-

creases at this stage of development (see Fig. 3).

Therefore, as shown in Table 2, the amount of Qa-2

antigen per cell has been calculated. On a per-cell

basis, blastocyst embryos have more Qa-2 antigens

than earlier stages of development. Also shown in

Table 2 is a calculation of the amount of Qa-2 antigen

per “outside” cell. The reason is that blastocysts

consist of an outside trophectoderm, clearly accessible

to the ELISA reagents, and an inner cell mass, which

may not be accessible to the ELISA reagents. Cal-

culated on an “outside”-cell basis, the blastocyst cells

still appear to have more Qa-2 antigens than the cells

of the earlier stages of development.

The level of Qa-2 antigen expression on the mouse

blastocysts appears to be about eight times higher

than the previously reported (Goldbard et al., 1985)

level of expression of H-2 antigens on mouse blasto-

cysts. The absorbance value at 410 nm (A.�0) per

blastocyst is 0.5 50 for Qa-2 antigens, as reported in

this paper, but only 0.070, as reported previously for

H-2 antigens (Goldbard et al., 1985). One difference in

the assays used to detect Qa-2 vs. H-2 antigens was that

that anti-Qa-2 monoclonal antibody was an 1gM anti-

body, whereas the anti-H-2 monoclonal antibody was

an IgG antibody. It remains to be determined whether

the amounts of antigen on the embryo cell surface are

truly different, or merely a reflection of the different

valence and affinity of the antibodies used.

The suggested location of the Ped gene in the Qa-2

subregion of the mouse MHC (Warner, 1986), coupled

with the data on Qa-2 expression reported in this

paper, make it attractive to hypothesize that the Ped
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FIG. 3. Expression of Qa-2 antigens by oocytes (.) and preimplanta-

tion mouse embryos (o). Results of the ELISA are expressed as A410
per embryo and are adjusted by subtraction of the A410 of embryos

treated with the control antibody, N-S.2.1. A minimum of 20 embryos
was used for each time point and the standard errors of the means are
shown.
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TABLE 1. The detection of Qa-2 antigens on CF1 embryos by the ELISA procedure.

Experiment Stage Antibody
No. of
embryos/well

A410 Normalizeda
A410/embryoWell Embryo

1 oocyte N-S.2.1

D3.262

42
42
42
42

0.12
0.13
0.61
0.70

0.003

0.003
0.015
0.017

0.003

0.003
0.015
0.017

2-cell N-S.2.1

D3.262

35

35

35
35

0.44

0.20

1.13
1.10

0.012

0.006

0.032
0.031

0.012
0.006

0.032
0.031

8-cell N-S.2.1

D3.262

10
10

10

10

0.46
0.26

0.98

1.01

0.046
0.026

0.098

0.101

0.046
0.026

0.098

0.101

2 oocyte N-S.2.1

DS.262

42
42
42

0.04
0.05

0.28

0.001
0.001

0.007

0.003
0.003

0.018

blastocyst N-S.2.1

D3.262

5
5

5
5

0.26
0.32

1.32
1.35

0.052
0.064

0.264
0.270

0.133
0.164

0.676
0.691

3 oocyte N-S.2.1 40 0.08 0.002 0.006

D3.262 40 0.24 0.006 0.017

8-cell N-S.2.1

D3.262

10
10
10
10

0.07
0.07
0.31
0.35

0.007
0.007
0.031
0.035

0.020
0.020
0.090
0.102

blastocyst N-S.2.1

D3.262

5

5

5

0.24

1.34
1.01

0.048

0.268
0.202

0.140

0.780
0.588

aExperiments were normalized to the oocyte point in Experiment 1 by multiplying the values of Experiment 2 by 2.56 and of Experiment 3 by

2.91.

gene product is the Qa-2 protein. The data in this

paper show that embryos expressing Qa-2 antigens

(Qa-2a mice) have a fast rate of cell division. On the

other hand, embryos from mice having the absence of

Qa-2 antigens (Qa-2b mice) show slow cleavage rates.

It is, however, possible that the Qa-2 antigen,

instead of being the Ped gene product, controls the

expression of the Ped gene product. In adult cells, the

Qa-2 gene appears to control the expression of other

antigens encoded in the Q/TL region (Michaelson et

a!., 1981). Expression of the Qa-3, Qa-5, and Qa-6

antigens is dependent on Qa-2 expression. In light of

this, it is possible that the Qa-2 subregion controls an

undefined region of the genome that contains the Ped

gene, and that expression of the Fed gene product is

dependent on Qa-2 expression.

Thus, there are two different models for the

relationship of Qa-antigens to the Ped gene product.

In the first model, the Qa-2 antigen is proposed to be

the actual Ped gene product, and as such would be

directly involved in the control of the rate of cell
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TABLE 2. Summary of Qa-2 antigen expression during development.

Time
post-hCG (h)

Mean cell
no./embryo (SE)�

No. of “outside”
blastomeres

ELISA results

Mean A41,, per

Embryo Cell
“Outside”
cell

17 (oocyte)

41 (2-cell)
65 (8-cell)
89 (blastocyst)

1.0 (0.0)

2.0 (0.0)
6.8 (0.3)

39.3 (1.8)

1

2
6.8

19b

0.011
0.023
0.069
0.550

0.011
0.011
0�010
0.014

0.011
0.011
0.010
0.029

aDetermined by the Tarkowski method (Tarkowski, 1966). A minimum of 30 embryos were scored for each point.

bExtrapolated from Handyside (1981).

division. The second model proposes that the Qa-2

molecule acts as a control molecule, regulating the

expression of the Fed gene product. The Fed gene

would then be located outside the Qa-2 subregion,

but elsewhere in the MHC. The complete elucidation

of the structure of the mouse MHC, at the DNA level,

should help to distinguish these two hypotheses.

However, mapping of the Ped gene to the Qa-2

subregion, based on the analysis of congenic strains,

favors the first hypothesis.

Finally, the possible relationship of the Ped gene to

the T/t complex merits some discussion. The T/t

complex, located 13.5 cm to the centromeric side of

the H-2 complex, influences early embryo develop-

ment and sperm cell function in the mouse (Artz and

Bennett, 1975; Silver et a!., 1984). Some mutations

in the T/t complex cause death of preimplantation

and postimplantation embryos, whereas others cause

male sterility. Recent evidence has shown that some

“t” haplotypes contain inversions, so that several

t-letha! genes are located within the MHC (Shen et a!.,

1983). For instance, the tw5 lethal is very close to the

H-2K region, tt2 and tw32 are in the Q region, and

twl8 and tIiib-�’ are close to the H-2D region, although

their exact position relative to the Q/TL region is not

defined. Wild type chromosomes may have the same

inverted organization. These findings raise the

intriguing possibility that the Fed gene and the

t-alleles may somehow be related.

In conclusion, this paper shows that Qa-2 antigens

are expressed on all mouse embryos expressing the

fast Ped gene phenotype. It is suggested that the

control of cleavage rate in embryos may be a direct

function of the presence of Qa-2 antigens. Further-

more, mapping of the Fed gene to the Qa-2 subregion

of the mouse MHC suggests that the Qa-2 protein

may be the Ped gene product.
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