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SUMMARY

4Embryonic hemoglobins ?n a-thalassemic heterozygotes and normal

fetuses were compared to study -the effects of the deficient o chain on
the synthesis of hemoglobins in the~nucleated embryonic erythrocytes derived
from the fetal yolk sac. Acrylamide gel eleetrOphoresis showed that less
hemoglobin Efl (azyzl‘was formed in a-thalassemic heterozygotes between
121 and 141 days‘of gestation. Quantitation of in vitro synthesis between
114 and 131 days of gestation also showed that Ell wes synthesiied less
rapidly in a-thalassemic fetuses. In conﬁrast, the synthesis of Elll
(azzz) was hlgher in a~thalassemic than in normal fetuses at 12} and 13%
_days of.gestatlon. Measurements of the synthesns of nnduvndual chains in

(xzyz) and Ell showed that x chain synthesis was normal and that a chain
synthesis was deflc1ent in a- thalassemlc fetuses at 11% and 12} days of
gestation. Thus, there is still no proof for close lnnkage of x- and a-chain
genes in chromosome 11.. Differences in the‘elec;rophoretic patterns of
embryonic hemoglobins: of a-thalassemic and normal fetuses can be explained
by normal synthesis of x chains, deficient synthesis of o chains, andea
higher affinity of z than y for the reduced amount of o chain present in

the nucleated embryonic erythrocytes of a-thalassemic mice.




The embryonié nucleated erythrocytes, which develop in the blood
islands of the yolk sac of the fetal mouse, produce three forms of
embryonfc hemoglobins (1, 2). The globin chains of these hemoglobins are

XoY o for EI,

%Y, for Ell, and @z, for ElI1 (3). All three embryonic

hemoglobins are produced in a single erythrocyte and the relative
quantitites of these hemoglobins change as the cell differenfiates between
days 10 and 14 éf gestation (2). of the four kinds of globin chainé
produced in embryonic erythrocytes, only the-aAchafn is also produced

by the anucleated erythrocytes that arise initially wfthin the fetal liver
and subsequently from the bone marrow and spleen. The x chain is
structurally homologous to‘the o chéin and the vy andfz chains are homologous
to the B chain of the adult (4-6). Gilman and Smithies (7) have showﬁ

that the gene controlling the synthesis of the embryonic y chain is

tightly linked to the B-chain gene in chromosome 7 of the mouse genome,

and Steinheider et al. (8) have shown thaé the z chain N- and C-terminal
regions are homologous with that of the minor B chain and have suggested

a close linkage amohg the 8-, y- and z-chain genes in chromosome 7. Thé
a-chain gene is located in chromosome 11 (9) but alleles of the x-chain
gene are not available to test by conventional methods whether or not'the
x-chain gehe is closely linked to the a-chain gene (10). Three independent
mutations that completely inhibit o chain s?ntheéis (11) have been induced
by irradiation (12). Heterozygous animals exhibit a typical a-thalassemia
trait (13). DNA hybridization studies are presently being done by Dr. W.
French Anderson to determine whether or not the deficient o chain synthesfs

is. due to gene deletion. The deficient a chain synthesis in erythrocytes



of the adult should also be deficient in the embryonic nucleated erythro-
' cytes. |If the mutation is a gene deletion and if the x-chain gene‘is
closely linked to thé a-chafn gene, deficient synthesis of the x chain
might also be observed in the nucleated-embryonic erythrocytes. This
study described the effects éf one of the radiation-induced mutations at
the a-chain locus on the proauction of .the multipl¢ forms oflhemog]obins
in fetal mice.

The a-thalassemic stock of mice used for this ﬁtudy are called
352 HB; & 352 was a brogeny of an irradiated.SEC‘male mated éo an unir-
radiated 101 female (]2).. The stock has been partially inbred by back-
crossing to strain SEC mice; the mice are homozygoug for thg single B;chain
allele and the tightly linked yl allelé (10). Matings Eetween q-thaiassemic
hetérozygotes produce litters composed of one-third normal. and two-thirds
_a—thalaséemic mice because homozygous &-thalaséemic mice die at the late
blastocyst or early egg cylinder stage (5% dayé_of'gestation). Embryo
ages were determined by inspection for vaginal plugs. Removal of embryos,
collection of embryonic biood, in vitro incorporation of 3H-leucine and
]hc—pheﬁylalanine, and electrophoresis of hemoglobin in 7‘pefcenf acrylamide
gels wére basically as described by Fontani et al. (2). Blood films for
'hematologic observations were stained with Wriéht's stain. - Separation
of globin chains in 8M u?ea was done on Whatmann CM 23 cellulose (14).

The electrophoretic patterns of hemoglobiné from normal andlheterozygous
a-thalassemic mice of the same fitte; could ﬁot be distinguished until
124 or 13% days of gestation. At that time the quantity of'hemoélobin

Eil increased preceptibly in normal embryos but did not increase as much



in a-thalassemic fittermétes (Fig. 1). Differences in the electro-
phoretic patterns.appear to be due to the reduced production of hemoglobin
Etl. No yq_hemoglobin was found in a;thalaséemic.embryos; such a hemo-
globin.would be homologous to the yﬂ, Bart's hemoglobin, of humans (15).
Hemoglobfn El, gzyz, in mice is comparable to hemoglobin Portland 1, |
xzyé,-which is mo}e pronounced in homozygous a-thalassemic humans (16).

We attempted to identify the ﬁOrmal fetuses versus the o-thalassemic
heterozygotes by mTcroséQpic pbservation; of embryohfc blood; their blood
films were fndis;inguishible prior to 141 days of gestation. At 141 days. .
of gestation the.nucjeated embryonic cells of normal and a-thalassemic hetero-
~zygotes were~'simila}; however, eosinophilic inclusion bodies were observed
in the-anucleated erythrocytes.derived from the fetal liver of a-thaTassemi;
heteroiygoﬁesJ These eosinophilic inclusions presumably are due to
precfpffated excess B chains.

Owing to our inability to identify the normal fetuses among a-thalassemic
heterozygotes prior to 1&% days, studies on the'rates of synthesis of
hemoglobins in a-thalassemic mice were done using litters containing one-
third normal embryos. Neverthe]ess; the incorporation of lI*OC-phenylalanin-e

into the three émbrYonic hemog]obfns of normal versus a-thalassemic litters

Ay
w, ¥

confirmed our electrophoretic observations that the relative synthesis

‘of Ell Qas depresged in a-thalassemic mice (Table 1). The reducea quantity
of Ell 'in a-thalassemic mice most certainly results from the reduced'
synthesis of a chain, which is approximately 70 percent of normal in
erythrocytes of the adult (Fig. 2A). It should be noted that'the.synthesis

of EIll in a-thalassemic embryos does not decline between 114 and 13% days



of gestation (Table 1); the reason is not clear because both Ell and ElLI
contain a.cbains. Perhaps the z chain has a higher affinity than the y
chains for the reduced quantity of a chains available in the a-thalassemic
embryos. We have éhown previously that such competition does occur among
the multiple B chains for the reduced qﬁantityldf a'chain synthesized
in erythrocytes of a-thalaséemic.adult mice (]7).

The relative quantities of newly synthesized o, x, y and z chains in
the embryonnc hemogloblns were determined following the in vitro in-

3y

corporation of “H-leucine and ]hC—phenyIalanlne and the separatlon of

the three embryonic hemoglobins by acrylamide gej electrophoresis. The

-x and a chains have leucine at position 2 and the y and z chains have

phenylalanine at position 3. Thus, measurements of 3H-leucine at positions

2 and‘lhc~phenylalahine at position 3 for each of the three embryonic

hemoglobins at successive days of development reveal the relative rates
of assembly of these chains. Globins of each of the embryonic hemoglobins

were subjected to automated Edman degradation (18) and the phenylthio-

hydantoin forms of the amino acids at each of the first four positions

were recovered for radioactivity measurements. In é few experiments the'
PTH-amino acids were pur:fled by high pressure liquid chromatography to
show that all the radnoactnvnty at steps two and three of the Edman
degradation were indeed associated with leucine and phenylalanine,
respectively. The ratios of the newly synthesized chains iﬁ the three‘
embryonic hemoglobins at 114 and 12} days of gestation (Table 2) suggest

that a chain synthesis is already deficient. The data also indicate that

x chain synthesis is not deficient in stock 352 HB a-thalassemic mice.



The above conclusion is based on measurements of the quantitiesAof
a and x chains assembled into hemoglobin rather than of the absé]ute.'
guantities of chains_being synthesized. For the production of normal
hemoglobin, synthesis of o and B éhain§ and their assembly into hemoglobin
are balanced; however, synthésis of o« and B chains are not equal in tha-
lassemia (19). To determine whether this could affeét‘our interpretation,
measurements‘wefe made of chain synthesis and hemoélobin assembly’ in.
reticulocytes from ngrmgl'versus a-thalassemic gdulf mice. Figure 2A
shows thatva—thalassemic reticulocytes synthesized'appréximately 70 pef;ent
as much a as' B-chains but measurements of 3H-leucine activity in the a and.
Brchains of an aliquot of the same hemoglobin,preparafion following

3

electrophoresis and elution from acrylamide gels showed that the “H-Teucine
activity in the a chain now exceeded that in the B chain, as the ratio of

a to B was 1.09 (Fig. 2B). Elegtrophoresis of labeled hemoglobin from

‘ 3

reticulocytes of normal mice did not change the ratio of “H-leucine

activity in the a and B chains, which was 1.10 (Fig. 2C). Apparently all ,
of the newly synthesized a chains are assembled into tetrameric hemoglobin
molecules whereas the excess 8 chains synthesized.fn a-thalassemic
reticulocytes become part of a soluble pool'of 8 chaiﬁ po]ypeptfdés.

These contribute to the total 3H--leu;ine activity in the B chain when

glébin from reficulocytes is chromatographed on CM celluiose but the soluble
pool of excess B chains are removed during the elecfrophoretic sebaration

of hemoglobinlin acrylamide gels.

One reason for doing ‘this series of experiments was to learn whether

or not the deficient synthesis of o chain in the adult mouse carrying



o-thalassemia trait also caused deficient x chain synthesis in the fetal
mouse. Qur data indicate that x chain synthesis in nucleated embryonic
erythrocytes of stock 352 HB a-thalassemic mice is nofmal and that
deficient a chain synthesis is already evident by 113 days of ggstation.
The alte}ed electrophoretic battern of embryonic hemoglobins in a-thalassemic
hfetal mice can be explained on the basis of normal x chain synthesis, of
deficient o chain'synthesis and of a higher affinity of z than y chains
for the reduced quantity of a. chains available for éssembly of the
tetrameric molecules of embryonic hemoglobin. .Hiéher affinity of z than
y chains. for a chains seems.plausible because.the y-chain gene is likely
~to be the ancestral embryonic nonla-chain gene‘in that the vy chain does;
but the z chain does not, combine with the embryonic x chéin (8). Thus
the prolonged and elevated expréssion of EIll in nucleated embryonic
erythrocytes of a-thalassemic mice appears to be associated with a probIem
of hemoglobin assembly rather than to a reéulatpry effect on thé‘z—chain '
'gene;

Normal expréssion of the x-chain gene suggests that the radiation-
induced mutation,which may be a deletion, at the a-chain locus in stock 352
HB did not simultaneously affect the x-chain gene. In such a casé, the
x-chain gene would be outside the affected segment or it may not be
located in chromosome 11. Similar studies on other radiation-induéed'

a-thalassemias will be done to determine further whether the x- and a-chain

' genes are closely linked.
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Table 1. 'Synthesis of embryohic hemoglobins in normal and o thalassemic

fetal mice.

Age of Norma'la ‘ o thalassemic?
fetus (days)
EIb EII EIII EI -~ EII EIII
11 1/2 -(990) (892) (594) (3454) (2946)  (1935)
~ .40 .36 .24 .41 .35 .23
(16135)' (19283) (6242) (20660) (1889Q) (12670)
.39 46 S 1) .40 .36 - .24
12 1/2 - .
. (13264) (12221) (9799)
v .38 . .35 .28
(12966) (21923) (6267) (19496) (41468) (29710)
.32 - .53 .15 .22 .46 .33
13 1/2 - ‘
(11910) (14289) (10542)
.32 .39 .29

Normal fetuses were obtained from matings between normal mice of stock
352HB and a-thalassemic fetuses were from matings between o thalassemic
heterozygotes of stock 352HB. One-third of the fetuses in litters of «

thalassemic mice are normal but only large litters or pooled smalier litters

were used to minimize the probability of variations that could occur in
small litters owing to distorted gene segregation.

bEmbryom'c erythrocytes were incubated with ]4C—pheny1a1anine and the
labeled hemoglobins were separated by electrophoresis in 7 percent
acrylamide gels. Each hemoglobin band was eluted separately, an aliquot
of each was counted and cpm data are shown in parenthesis, and the per-
centage of total hemoglobin synthesized was calculated.
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Table 2. Synthesis of individual globin chains in the embryonic hemoglobins

of normal and o thalassemic fetal mice.

Ndrma]a - d thalassemica
Age of - .
_ fetus (days) £1P EI1 EIII - EI EIT EIII
_ - Xy a/y o/z x/y aly e/2z
11 1/2 | (12/50) (14/50) (7/22) (29/136) (23/194) (20/70)
‘ X/a=.86 y/z=1.14 X/ =1.80 y/z=2.41
12 1/2 (58/410)  (83/676) (59/183)  (70/440) (70/660) (120/380)
X/a=1.15 y/z=2.63 Xbh=1.50 y/z=2.98

aSee footnote to Table 1.

bEmbryonic erythrocytes were incubated with 3H-]uecine and ]4C—pheny1a1anine
. and the labeled hemoglobins were separated by electrophoresis in 7 percent
acrylamide gels. Each hemoglobin band was eluted, globin was prepared by
acid-acetone precipitation ang was subjected to automated Edman degradation.
The measured radioactivity of°H-PTH-leucine at position 2 in the x and a
chains and of ]4C-PTH—pheny1a1anine at position 3 in the y and z chains

are shown in parenthesis and the relative synthesis of x versus o among hemo-
globins with y chains and y versus z among hemoglobins with a chains was
calculated.




10.

12

REFERENCES

Craig ML, Russell ES: A developmental change in hemoglobin-correlated
with an embryonic red cell population - in the mouse. Dev Biol 10:
191-201, 1964,

Fantoni A, De Le, Chapelle A, Marks PA: Synthesis of embryonic -
hemoglbbins @uring erythroid cell development in fetal mice. J Biol
Chem 24k: 675-681, 1969.

fantoni A, Bank A, Marks PA: Globin composition and synthesis of
hemogloSins in developing fetal mice erythroid cells. Science 157:
1327-1329, 1967. |

Melderis H, Steinheider G, Ostertag W: Evfdence for a unique kind of
ﬁ-type globin chain in early mammalian embryos. Natufe,ZSO: 7]&-776,

1974.

Steinheider G, Melderis H, Ostertag W: Embryonic e chains of mice and

rabbits. Nature 257: 714-716, 1976.

Gilman JG: Mouse haemoglobin beta chains. Biochem J 155: 231-241, 1976.

Gilman JG, Smithies 0: Fetal hemoglobin variants in'mice.4 Science 160:

885-886, 1978.

Steinheider G, Melderis H, Ostertag W: Evidence for Hb Lepore-like . an
hybrid globin B genes in mice. Nature 257: 712-71k4, 1976.

Russell'ES, McFarland EC: The genetics 6f mouse hemoglobins. Ann N Y

Acad Sci 241: 25;38, 1974.

Stern RH, Russell ES, Taylor BA: Strain distribufionvand linkage

relationship of a mouse embryonic hemoglobin variant. Biochem Gen 14

373-381, 1976.




13

11. Popp RA, Stratton LP, Hawley DK, Effron K: Hemoglobins of mice with

12.

13.

14,

'ts.’

16.

17.

18.

19.

radiation-induced mutations at the hemoglobin loci. J Mol Biof
(in press);

Russell LB, Russell WL, Popp RA, Vaughan C, Jacobson KB: Radiation-
induced mutations at mouse hemoglobin loci. Proc Nat Acadecience 73:
2843-2846, 19}6.

Popp RA, Enlow MK: Radiation;induced alpha thalassemias in mice. Am J
Vet Res 38: 569-572,'19777 | |

Clegg JB, Néuéhton MA, Weatherall DJ: An fmproved method‘for the
characterization of human haemoglobin mutants: tdentification of “262
95GLU, haemogiobin‘N (Baltimore). Nature 207:v945-9Q7, 1965.

Hunt JA, Lehménn H: Haempglobfn 'Bart's': a foetal'haemﬁglobin without -
a-chains. Nature 184: 872-873, 1959. _

Weatherall DJ, Clegg JB, Boon WH: The haemoglobin constitution'bf
infants with fhe haemoglobin Bart's hydrops foetalis syndrohe. Brit J
Haemat 18: 357-361, 1970. |

Popp RA, Bradshaw BS: Altered concentrationsbof B-chain polypeptides
in hemoglobiﬁs of a-thalassemic mice. Fed Proc 37: 1909 (abstr), 1978.

Edman P, Begg G: A brotein sequenator. Eur J Biochem 1: 80-91, 1967.

Weatherall DJ, Clegg JB: In vitro hemoglobiﬁ synthesis in the |

thalassemic syndrome. Exp Pathol 13: 117-159, 197h4.




Figure 1.

Figure 2.

FI1GURE LEGENDS

Acrylamide gel electrophoresis. of embryonic hembglobins from
fetuses of A, 12} day a-thalassemic; B, 133 day afthalassemic;
and C, 13% day normal mice. Three hemoglobins, EI, Ell and

Eill, are seen.

Separation of a and B chains of hemoglobin from feticulocytes'

of ajthalassemic and normal adults. Reticulocytosis was
induced by the subcutaneous injection on days 1, 3.and 5 of

1 mg.of‘recrystal]ized phenylhydrazine-HCI. Peripheral blood
containing 60-70 percent réticulocytes was coliected on day 7
and incubated in medium containing 3H—leucine. A. Globin from
a-thalassemic reticulocytes. B. Hemoglobin from u=thaladsemic
reticulocytes was separated by acrylaﬁidg gel electrophoresis
before preparation of globin. C. Hémoglobin from normal
reticulocytes was separated by acrylamidé gel eleﬁtrophoresis

hefore preparation of globin.
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