
6. K. S. Kosyakov, N. I. Libikova, T. N. Mer- 
kina, ibid. 7, 31 (1962). 

7. Z. Dische, Proc. Soc. Exptl. Biol. Med. 55, 
217 (1944). 

8. R. Y. Thomson, in Chromatographic and 
Electrophoretic Techniques, vol. 1, Chroma- 
tography, I. Smith, Ed. (Interscience, New 
York, ed. 2, 1960). 

9. M. Downing and B. S. Schweigert, J. Biol. 
Chem. 220, 521 (1956). 

10. Difco Manual of Dehydrated Culture Media 
and Reagents for Microbiological and Clinical 
Procedures (Difco Laboratories, Detroit, ed. 
9, 1953), p. 221-222; Pharmacopeia of the 
United States, Suppl. 3, 14th Revision (1951); 
W. A. Winsten and E. Eigen, J. Biol. Chem. 
177, 989 (1949). 

11. Supported by contract DA-49-146-XZ-029 of 
the Defense Atomic Support Agency and 
the Albertine O. Schoepf Fund of the Col- 
lege of Medicine, University of Cincinnati, 
and by grant MH1175, U.S. Public Health 
Service. 

15 August 1963 

Electrophoretic Patterns of 

Hemoglobin from Fetal Mice of 
Different Inbred Strains 

Abstract. Starch gel electrophoretic 
patterns of hemoglobins from fetal mice 
of seven inbred strains (two with single, 
five with diffuse adult hemoglobins), 
were compared with each other and 
with electrophoretic patterns of hemo- 
globins from adults of the same strains. 
The blood fromn 15-day-old fetuses of 
all strains contained four electrophoret- 
ically separable heme components. 
However, there seems to be a difference 
between strains with single and diffuse 
adult hemoglobin in the time of emer- 
gence of a clear adult pattern. 

Two electrophoretically distinct types 
of hemoglobin are known in adult mice 
of different inbred strains (1). Elec- 

trophoretic studies with various support- 
ing media have served to demonstrate 
inherited strain specificity for either the 

single (discrete single band) or the dif- 
fuse (two or more bands) type of 

hemoglobin (2). The difference be- 
tween these patterns is controlled by a 

single pair of genes (Hb', single; Hbd, 
diffuse). Recently, two reports have 
been published which describe the elec- 

trophoretic nature of mouse fetal hemo- 

globin (3, 4). Additional components 
that contained heme, which are pre- 
sumed to be fetal hemoglobin, were 
noted in early fetal mice of both the 
C57BL/6J strain (Hb"Hbs) and the 
CBA strain (Hb"Hb'). The concentra- 
tion of these additional hemoglobins 
decreased steadily throughout fetal life 
and they were entirely absent at birth. 
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fetuses. The present experiments were 
conducted to determine whether or not 
electrophoretic differences can be de- 
tected when fetal hemoglobins from 
strains with single and diffuse adult 
hemoglobins are run side by side on a 
starch gel. 

Mice from two HbSHbS strains 

(C57BL/6J, SEC/Re) and five HbdHbd 
strains (FL/Re, AKR/J, 129/J, DBA/ 
2J, and CBA/J) were used. Data were 
collected from a minimum of five gels 
per strain and, in most cases, fetal 
hemoglobins from two or more Hb"Hb' 
strains were placed on the same gel, to- 
gether with their adult controls and a 
C57BL/6 sample of the same age. 

Fetuses aged 15 days (from the 
day on which vaginal plugs were ob- 
served) were selected for use in screen- 
ing the different strains because, at this 

stage, one litter was generally sufficient 
to ensure the collection of enough cells 
for hemoglobin testing while fetal com- 

ponents were still in evidence. The 
collected cells (4), usually 0.05 to 0.1 
ml, were washed once by suspension in 
10 ml of cold saline and sedimented in 
a clinical centrifuge at high speed for 
15 minutes. The supernatant was drawn 
off and the cells were lysed in three 
times their volume of distilled water. 
The precipitation of stroma was effected 

by the addition of a salt solution (1.OM 
NaCl, 0.07M MgCI,) in an amount 

equaling 15 percent of the total volume 
of lysate. Precipitated stroma were sedi- 
mented in a Servall Superspeed Cen- 

trifuge for 30 minutes at 15,000 rev/ 
min, and the clear hemoglobin solutions 
decanted and converted to carboxy- 
hemoglobin. All procedures, except the 
addition of CO, were carried out in the 

cold, and solutions were placed on a gel 
within 24 hours of sample collection. 

Separations were accomplished by 
starch gel electrophoresis using the dis- 
continuous buffer system of Poulik (5), 
run for 21/2 to 3 hours at approximately 
5 volt/cm. Following the completion 
of a run, the gel was sliced and stained 
with Amido Black 10B (see 6) or, 
less frequently, with 3,3'-dimethoxy- 
benzidine. 

When prepared by these methods, 
solutions from adults with single hemo- 

globin give a single band while those 
from adults with diffuse hemoglobin 
give two separable bands of unequal 
concentration with the highest concen- 
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Fig. 1. Fetal and adult hemoglobin com- 
ponents on starch gel developed by staining 
with Amido Black 10B. Additional protein 
bands (6) which are also developed with 
this stain are not visible in this photograph. 
Left to right: AKR (adult), C57BL/6 
(from 13-day fetus), AKR (14-day fetus), 
C57BL/6 (14-day fetus), C57BL/6 (adult). 

ency to streak in the medium and the 
appearance of an area projecting ahead 
of the major component which does not 
resolve to give a discrete band (Fig. 1). 
The number and mobilities of fetal 
components appear to be similar in 
preparations of Hb"Hb' and HbSHb" 
fetuses (Fig. 1). Fetuses of HbsHb' 
strains produced a pattern consisting of 
four bands with a very high concentra- 
tion in the most rapidly moving band, 
giving the hemoglobin pattern of these 
fetuses at 15 days' gestation an appear- 
ance close to that of an adult. The con- 
centration of fetal components varied 
from litter to litter in all Hb"Hb' strains 
tested. However, there was not the 

great resemblance to the adult pattern 
frequently observed in 15-day Hb5Hb8 
fetal preparations. Fetal preparations 
from Hb"Hb' strains showed a single 
band in the region of the adult major 
component, a second band in the region 
of the adult minor component, and two 
additional bands, which resembled the 
third and fourth components of HbSHb' 

fetuses in their mobilities. 
To test the reality of apparent dif- 

ferences in maturity between the 
Hb'Hb' and Hb'Hb8 fetal hemoglobin 

patterns, preparations from 14-day 
fetuses of one of the HbdHbd strains 

(AKR) were placed on gels together 
with preparations from 13-day and 14- 

day fetuses of one of the HbsHbs strains 

(C57BL/6). The results are shown in 

Fig. 1. The bands have been numbered 
for reference, beginning with the one 
nearest the anode. In AKR prepara- 
tions it could be noted that band 3 had 
the highest concentration at 14 days. 
Bands 1 and 2 appeared to be in ap- 
proximately equal concentration with 

respect to one another. In 14-day 
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C57BL/6 preparations band 1 was the 
most concentrated and band 3 the next 
highest in concentration. It was evident 
that in these 14-day HblHbd prepara- 
tions band 3 was the major band, while 
in the HbSHbs hemoglobin of the same 
age, band 1 was predominant. In 
HbdHdd fetuses aged 15 days, band 1 
(presumably the adult major band) in 
some, but not all, preparations seemed 
to have increased in concentration, tak- 
ing up more stain than band 2; band 3 
was still present in relatively high con- 
centration. On the other hand, 15-day 
HbsHbs fetuses showed a progressive in- 
crease in band 1 and a corresponding 
decrease in all other bands. 

It seems reasonable to assume from 
these data that the development of an 
adult hemoglobin pattern is delayed in 
mice with the gene Hb'; however, the 
possibility that different strain back- 
grounds, the presence of the additional 
adult hemoglobin in such mice, or both, 
may contribute to this appearance can- 
not be ignored. Detailed studies of the 
developing blood pictures of C57BL/6 
and AKR/J fetuses are currently in 
progress. Crossing of the gene for 
diffuse hemoglobin into a single hemo- 
globin strain should give the two types 
of hemoglobin on a similar background 
and provide interesting information 
about the effects of background on fetal 
hemoglobin pattern (7). 

MARCIA L. CRAIG 
ELIZABETH S. RUSSELL 

Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine 
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New Natural Growth Promoting 
Substance in Young Citrus Fruit 

Abstract. A naturally occurring com- 
pound that induces curvature in the 
Avena coleoptile test has been found 
in young orange fruits. Cochromatog- 
raphy with C'4-labeled indole-3-acetic 
acid, plus excitation and fluorescence 
spectra determinations, indicates that 
this compound is not one of the known 
indoles or gibberellins. 

A compound which induces curva- 
ture of Avena coleoptiles but does not 
appear to be an indole compound has 
been extracted from young orange 
fruits. Since this material, which we 
have called "citrus auxin," does not 
seem to fit under any of the classes of 
known endogenous growth regulators: 
indoles, gibberellins, or phytokinins, it 
is possible that it may represent a new 
class of natural growth regulators. 

For many years indole derivatives 
were believed to be the only naturally 
occurring growth promoters in higher 
plants. The first description of the oc- 
currence of a non-indolic, gibberellin- 
like substance in higher plants was re- 
ported by Mitchell et al. in 1951 (1). 
Since then a number of reports relating 
to gibberellins or gibberellin-like sub- 
stances have been published. Crosby 
and Vlitos (2) and Stowe (3) reported 
the existence of non-indolic growth- 
promoting substances. The first non- 
indolic growth-promoting substance to 
be isolated from a citrus tissue was 
gibberellin A, from the water sprouts 
of Citrus unshiu in 1959 (4). How- 
ever, the gibberellins do not cause 
curvature of the A vena coleoptile. In 
fact, the only compounds which have 
been known to give a positive reaction 
in this classical assay for plant growth 
stimulators have been indole deriva- 
tives (5). 

Peroxide-free ether, saturated with 
water, was used to extract the "citrus 
auxin" from lyophilized tissue of Va- 
lencia and Navel orange fruits about 
10 mm in diameter. A 2-hour ex- 
traction was carried out in the dark 
at room temperature with constant 
shaking. Extraneous material such as 
lipids, pigments, and non-acidic com- 
pounds was removed from the extract 
by repeated acetonitrile-hexane and so- 
dium bicarbonate-ether fractionations. 
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By adjusting the pH of the bicarbonate 
fraction to 2.8 before ether extraction, 
the plant constituents extracted were 
the acidic compounds. 

The concentrated ether extract final- 
ly obtained was then fractionated by 
two-dimensional descending paper chro- 
matography with n-butanol-ammonia- 
water (4:1:1 vol/vol) and isopropa- 
nol-ammonia-water (10:1:1 vol/vol). 
All the extracting, concentrating, and 
analyzing by chromatography was con- 
ducted in the dark, either under a 
nitrogen atmosphere or in a vacuum. 

Fluorescent and absorbing spots 
were detected by scanning the chromat- 
ogram with ultraviolet light (253 mtA, 
maximal intensity). These spots were 
eluted in water and their excitation and 
fluorescence spectra were determined 
on an Aminco-Bowman Spectrophoto- 
fluorometer. Cochromatography with 
C`-labeled indole-3-acetic acid (IAA) 
was used to aid chromatographic iden- 
tification. The A vena coleoptile curva- 
ture test (6) was used as a biological 
assay of the extracted substances. 

The first biological assays indicated 
that there was a growth-promoting sub- 
stance in the extract which chromato- 
graphed similarly with indole-3-acetic 
acid. This was the expected observa- 
tion and one which has been observed 
in the extracts of many fruits. Upon 
subjecting this particular material to 
fluorometric characterization it was ob- 
served that it did not have the same 
fluorometric characteristics as indole- 
3-acetic acid. The wavelength at which 
maximum excitation of indole-3-acetic 
acid occurs is 290 mu/, and its maxi- 
mum fluorescence wavelength is 360 
mnut; "citrus auxin" has a maximum 
excitation wavelength of 350 m,t and a 
maximum fluorescence wavelength of 

Table 1. Excitation and fluorescent charac- 
teristics of growth-regulating substances and 
related compounds. 

Excita- Fluor- 
tion escence 

Compound wave- wave- 
length length 
(mA) (m!,) 

Indole-3-acetic acid 290 360 
Indole-3-pyruvic acid 290 350 
Indole-3-propionic acid 300 365 
Indole-3-butyric acid 290 365 
Indole 295 365 
a-Naphthaleneacetic acid 310 340 

f/-Naphthoxyacetic acid 330 350 
Gibberellic and 

gibberellenic acids* 405 450-480 
Kinetin 335 410 
Reduced pyridine 

nucleotides 340 457 
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was used to aid chromatographic iden- 
tification. The A vena coleoptile curva- 
ture test (6) was used as a biological 
assay of the extracted substances. 

The first biological assays indicated 
that there was a growth-promoting sub- 
stance in the extract which chromato- 
graphed similarly with indole-3-acetic 
acid. This was the expected observa- 
tion and one which has been observed 
in the extracts of many fruits. Upon 
subjecting this particular material to 
fluorometric characterization it was ob- 
served that it did not have the same 
fluorometric characteristics as indole- 
3-acetic acid. The wavelength at which 
maximum excitation of indole-3-acetic 
acid occurs is 290 mu/, and its maxi- 
mum fluorescence wavelength is 360 
mnut; "citrus auxin" has a maximum 
excitation wavelength of 350 m,t and a 
maximum fluorescence wavelength of 

Table 1. Excitation and fluorescent charac- 
teristics of growth-regulating substances and 
related compounds. 

Excita- Fluor- 
tion escence 

Compound wave- wave- 
length length 
(mA) (m!,) 

Indole-3-acetic acid 290 360 
Indole-3-pyruvic acid 290 350 
Indole-3-propionic acid 300 365 
Indole-3-butyric acid 290 365 
Indole 295 365 
a-Naphthaleneacetic acid 310 340 

f/-Naphthoxyacetic acid 330 350 
Gibberellic and 

gibberellenic acids* 405 450-480 
Kinetin 335 410 
Reduced pyridine 

nucleotides 340 457 
a-Naphthol 335 455 
/3-Naphthol 350 460 
Citrus auxin 350 460 
* Dissolved in 85-percent sulfuric acid. 
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a-Naphthol 335 455 
/3-Naphthol 350 460 
Citrus auxin 350 460 
* Dissolved in 85-percent sulfuric acid. 

399 


	Cit r148_c189: 


