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SUMMARY 

Embryonic hemoglobi.ns in a.-thalassemic heterozygotes and normal 

fetuses were compared to study the effects of the deficient a. chain on 

the synthesis of hemoglobins in the nucleated embryonic erythrocytes derived 

from the fetal yolk sac. Acrylamide gel electrophoresis showed that less 

hemoglobin Ell. (a.
2
y2). was formed in a.-thalassemic heterozygotes between 

12t and 14t days of gestation. Quantitation of ~·vitro synthesis between 

lli and 13i days of gestatlon also showed that ElI was synthesized less 

rapidly in a.-thalassemic fetuses. In contrast, the synthesis of Elll 

(~ 2z2 } was higher in a.-thalassemic than in normal fetuses at l2i and 13i 

days of gestation. Measurements of the synthesis of individual chains in 

EL1x
2
y

2
) and Ell showed fhat x chain synthesis was normal and that a chain 

synthesis was deftcient in a.-thalassemic fetuses at lli and 12i days of 

gestation. Thus, there is still no proof for close linkage of x- and a.-chain 

genes i:n chromosome 11 .. Differences in the elec~rophoretic patterns of 

embryonic hemoglooi·ns: of a.-thalassemic and normal fetuses can be explained 

by normal synthesis of~· chains, deficient synthesis of a chains, and a 

higher affinity of z than y for the reduced amount of a. chain present in 

the nucleated embryonic erythrocytes of a.-thalassemic mice. 
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The embryonic nucleated erythrocytes, which develop in the blood 

islands of the yolk sac of the fetal mouse, produce three forms of 

embryonic hemoglobins (1, 2). The globin chains of these hemoglobins are 

~2y2 for El, a2y2 for Ell, and a2z2 for El II (3). All three embryonic 

hemoglobins are produced in a single erythrocyte and the relative 

quantitites of these hemoglobins change as the cell differentiates between 

days 10 and 14 of gestation (2). Of the. four kinds of globin chains 

produced in embryonic erythrocytes, only the a chain is also produced 

by the anucleated eryth.rocytes that aris.e initially within the fetal liver 

and subs.equently from the bone marrow and spleen. The x chain is 

structurally homologous to the a chain and they and z chains are homologous 

to thee chain of the adult (4-6}. Gilman and Smithies (7) have shown 

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

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

and Steinheider et al. (_8)_ have s.hown that the z chain N-and C-terminal 

regions are homologous with that of the minor 6 chain and have suggested 

a close linkage among the B-, y- and z-chain genes in chromosome 7. The 

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 gene is closely ltnked to the a-chain gene (10). Three independent 

mutations. that complete.ly inhibit a chain synthesis (11) have been induced 

by lrradiation (.12). Heterozygous animals. exhibit a typical a-thalassemia 

tratt (13). DNA hybridization studies are presently being done by Dr. W. 

French Anderson to determine whether or not the deficient a chain synthesis 

is due to gene deletion. The ~eficierit a chain synthesis in erythrocytes 
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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 the a-chain gene, deficient synthesis of the x chain 

might also be observed in the nucleated embryonic erythrocytes. This 

study described the effects of one of the radiation-induced mutations at 

the a-chain locus on the production of .the multiple forms of he~oglobins 

in fe ta I mice. 

The a-thalassemic stock of mice used for this study are called 

352 HB~ ~ 352 was a progeny of an irradiated SEC male mated to an unir-

radiated 101 female C12). •. The stock has been partially inbred by back-

crossing to strain SEC mice; the mice are homozygou·s for the single B-chain 

allele arid the tightly linked y1 allele (10). Matings betwe.en a-thalassemic 

heterozygotes: p reduce 1 i tters composed of one-third norma 1 and two-thirds 

a-thalassemic mice because homozygous a-thalassemic mice die at the late 

blastocys.t or early egg ·cyl i·nder stage (.5! days of gestation). Embryo 

ages were determfned by inspection for vaginal plugs. Removal of embryos, 

collection of embryonic blood,~ vitro incorporation of 3H-leucine and 

14c-phe.ny·lalani.ne, and electrophoresis of hemoglobin in 7 percent acrylamide 

gels w~re basically as described by Fontani et al. (2). Blood films for 

hematologic observations were stained with Wright's stain. Separation 

of globin chains in 8M urea was done on Whatmann CM 23 cellulose (14). 

·The electrophoretic patterns of hemoglobins from normal and heterozygous 

a-thalassemtc mfce of the same litter could not be distinguished until 

121 or 131 days of gestation. At that time the quantity of hemoglobin 

El.l increased preceptibly in normal embryos but did not increase as much 
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in a-thalassemic littermates (Fig. 1). Differences in the electro-

phoretic patterns appear to be due to the reduced production of hemoglobin 

Ell. No y4 hemoglobin was found in a-thalassemic embryos; such a hemo­

globin would be homologous to the y4, Bart's hemoglobin, 6f humans (15). 

Hemoglobin El, x2y2 , in mice ·is comparable to hemoglobin Portland I, 

x2y2, which is more pronounced in homozygous a-thalassemic humans (16). 

We attempted to identify the normal fetuses versus the a-thalassemic 

heterozygotes by mlcroscopic observations of embryo~ic blood; their blood 

films were indist1nguish(ble prior to 141 days of gestation. At 141 days. 

o·f gestation the nucleated embryonic cells of normal and a-thalassemic hete~o-

_zygotes were·· similar; however, eosinophilic inclusion bodies were observed 

in the ~nucleated erythrocytes derived from the fetal liver of a-thalassemic 

heterozygotes. Thes·e eos.inophi 1 i.e inclusions presumably are due to 

prectpitated exce~s B chains. 

Owing to our inabili"ty to identify the normal.fetuses among a-thalassemic 

h~terozygotes prior to 141 days, studies on the rates of synthesis of 

hemoglobins tn a-thalassemic mice were done using litters containing one-

third- normal embryos. N h 1 h • • f 14c · h 1 1 • · evert e ess, t e 1ncorporat1on o -p eny a an1ne 

into the three embryonic hemoglobins of nornial versus a-thalassemic litters 

confirmed our electrophoretic observations that the relative synthesis 

of EU was depressed in a-thalas.semic mice (.Table 1). The reduced quantity 

of Elf ·in a-thalassemic mice most certainly results from the reduced 

synthesis cif a chain, which is approximately 70 percent of normal in 

erythrocytes. of the adult (.Fig. 2A) .. l.t should be noted that the synthesis 

of Ell I in a-thalassemic embryos does not decline between lli and 13i day~ 
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of gestation (Jable 1}; the reason is not clear because both Ell and Ell I 

contain a chains. Perhaps. the z chain has a h_igher affinity than they 

chains for the reduced quantity of a chains available in the a-thalassemic 

embryos. We have shown previously that such co~petition does occur among 

the multiple 8 chains for the reduced quantity of a chain synthesized 

in erythrocytes of a-thalassemic .adult mice (17). 

Th.e relative quantiHes of newly synthesized a, x, y and z chains in 

the embryonic hemogl~bins were determined following· the in vitro in­

corporation of 3H:..leucine and. 14c-pheny1alanine and the separation of 

the three embryonic hemoglobins by acrylamide gel electrophoresis·. The 

x and a·chains have leucine at position 2 and they and z chains have 

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

2.and 14C-phenylala~ine at positio~ 3 for each of the three embryonic 

hemo~lobins at successive days of development reveal the relative rates 

of ass.embly of these chai.ns. Globins of each of the embryonic hemoglobins 

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

hydantoin forms of the ami,no acids at each of the first four positions 

were recovered for rad i oact i.vi ty measurements. In a few experiments the 

PTH-amino acids were purifi.ed by high pressure liquid chromatography to 

show that all the radioactivity at steps two and t~ree of the Edman 

degradation were indeed associated with leucine and phenylalanine, 

respecHvely. The ratios of the newly synthesized chains in the three 

embryoni'c hemoglob.ins at lH and 121- days of gestation (Table 2) suggest 

that a chain s.ynthesis. is already deficient. The data also indicate that 

x chain synthesis is not deficient in stock 352 HB a-thalassemic mice. 
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The above conclusion is based on measurements of the quantities of 

a and x chains assembled into hemoglobin rather than of the absolute 

quantities of chains being synthesized. For the production of normal 

hemoglobin, synthesis of a and ~ chains and their assembly into hemoglobin 

are balanced; however, synthesis of a and~ chains are not equal in tha-

lassemia (19). To determine whether this could affect our interpretation, 

measurements were made of chain synthesi~ and hem_oglobin assembly· in 

reticulocytes from_ normal versus a-thalassemic adult mice. Figure 2A 

shows that a-thalassemi.c reticulocytes synthesized approximately 70 percent 

as much a as· 6 chains but measurements of 3H-leucine activity in the a and. 

~ chains of an aliquot of the same hemoglobin preparation following 

electr6phoresis and elution from acrylamide gels showed that the 3H-1eucine 

activity in the a chain ·now exceeded that in the~ chain, as the ratio of 

a to~ was 1.09 (fig. 2B). Elec:trophoresis of labeled hemoglobin from 

reticulocytes of normal mice did not change the ratio of 3H-1e~cine 

activity in the a and B ~halns, which was 1.10 (Fig. 2C). Apparently all 

of the newly synthesized a chains are assembled into tetrameric hemoglobin 

molecules whereas the excess S chains synthesized in a~thalassemic 

reticulocytes· become part of a solub.le pool of B chain polypeptides. 

These contribute to the total 3H-leucine activity in the ~ chain when 

globin from reticulocytes is chromatographed on CM cellulose but the soluble 

pool of excess.~ chains are removed during the electrophoretic separation 

of hemoglobin in acrylamide gels. 

One reas.on for doing this series of experiments was to learn whether 

or not the deficient synthesis of a chain in the adult mouse carrying 
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a-thalassemia trait also caused deficient x chain synthesis in the fetal 

mouse. Our data indicate that x chain synthesis in nucleated embryonic 

erythrocytes of stock 352 HB a-thalass.emic mice is normal and that 

deficient a chain synthesis is already evident by 11! days of gestation. 

The altered electrophoretic pattern of embryonic hemoglobins in a-thalassemic 

fetal mice can be explained on the basis of normal x chain synthesis, of 

deficient a chain synthesis and of a higher affinity of z than y chains 

for the reduced quantity of a. chains available for assembly of the 

tetrameric molecules of embryonic hemoglobin •. Higher affinity of z than 

y chains for a chains seems plausible because they-chain gene is likely 

to be the ancestral embryonic non a-chain gene in that the y chain does, 

but the z chain does not, combine with the embryonic x chain ( 8). Thus 

the prolonged and elevated expression of El ll in nucleated embryonic 

erythrocytes of a-thalassemic mice appears to be associated with a problem 

of hemoglooin as·s.embly rather than to a regulat?ry effect on the z-chain 

gene.· 

Normal expres.sion 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 case, the 

x-chafn gene would be outside the affected segment or it may not be 

located rn chromosome 11. Similar studies on other radiation-induced 

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

genes are tlosely linked. 
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Table 1. Synthesis of embryonic hemoglobins in normal and a thalassemic 

fetal mice. 

13 1/2 

(12966) 
.32 

(21923) 
.53 

(6267) 
.15 

EI 

(3454) 
.41 

(20660) 
. 40 

[13264) 
.38-

(19496) 
.22 

(11910) 
.32 

a thalassemica 

EII EIII 

(2946) (1935) 
.35 .23 

(18890) (12670) 
.36 .24 

(12221) (9799) 
.35 .28 

(41468) (29710) 
.46 .33 

(14289) (1 0542) 
.39 .29 

aNormal fetuses were obtained from matings between normal mice of stock 
352HB and a-thalassemic fetuses were from matings between a thalassemic 
heterozygotes of stock 352HB. One-third of the fetuses in litters of a 
thalassemic mice are normal but only large litters or pooled smaller litters 
were used to minimize the probability of variations that caul d occur in 
small litters owing to distorted gene segregation~ 

bEmbryoni c erythrocytes were incubated vJi th 14C-phenyl a 1 ani ne 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 a thalassemic fetal mice. 

Age of 
fetus (days) 

11 1/2 

12 1/2 

Normal a 

Ell 
a/y 

EIII 
a/z 

(12/50) (14/50) (7/22) 
X/a=.86 y/z=l .14 

(58/410) (83/676) (59/183) 
x/a=l.l5 y/z=2.63 

aSee footnote to Table 1. 

EI 
x/y 

. a 
a thalassemic 

Ell 
a/y 

EIII 
a/Z 

(29/136) (23/194) (20/70) 
x/a.=l.80 y/z=2.41 

(70/440) {70/660) (120/380) 
x/a=l.50 .Y/z=2.98 

bEmbryonic erythrocytes were incubated with 3H-l.uecine and 14c-phenylalanine 
and the labeled hemoglobins were separated by electrophoresis in 7 percent 
acrylamide gels. Each hemoglobin band was eluted, globin was prepared by 
acid-acetone pre~ipit~t~on an~ was subjected to automated Edman degradation. 
The measured rad1oact1v1ty of H-PTH-leucine at position 2 in the x and a 
chains and of 14c-PTH-phenylalanine at position 3 in they and z chains 
are shown in parenthesis and the relative synthesis of x versus a among hemo~ 
globins with y chains and y versus z among hemoglobins with a chains was 
ca 1 cul a ted. .:')·\ 
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Figure 1. 

Figure 2. 
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F I.GURE LEGENDS 

Acrylamide gel electrophoresis. of embryonic hemoglobins from 
' . 

fetuses of A, 12~ day a-thalassemic; B, 13~ day a-thalassemic; 

and C, 13~ day normal mice. Three hemoglobins, El, Ell and 

Ell I, are seen. 

S,eparati.on of a and 6 chains of hemoglobin from reticulocytes 

of a-thalassemic and normal adults. Reticulocytosis was 

induced by the subcutaneous injection on days 1, 3 and 5 of 

1 mg of recrystallized phenylhydrazine-HCl. Peripheral blood 

containing 60-70 percent reticulocytes was col1ected on day 7 

and incubated in med~um cont~ining 3H-leucine. A. Globin from 

a-thalassemic reticulocytes. B. Hemoglobin from u-Lhalahemie 

reticulocytes I!Jas separated by acrylamide gel electrophoresis 

before preparation of globin. C. Hemoglobin from normal 

reticulocytes w.as s·eparated by acrylamide gel electrophoresis 

before preparation of globin. 
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