
The rule should be valid not only for 
Raman lines corresponding to totally 
symmetric vibrations but also for those 

corresponding to non-totally symmetric 
vibrations (10). 

This rule should be useful for pre- 
dicting molecular geometries in excited 
electronic states. For example, we 
found that in the Raman spectrum of 
urea, (NH2)2CO, in aqueous solution 
a line at 1470 cm-1, assigned to the 
antisymmetric NCN stretching vibra- 
tion (11), becomes markedly stronger 
when the exciting light is changed from 
5145 to 2573 A. On the basis of the 
empirical rule, we predict that in the 
lowest excited electronic state A of 
this molecule there is a distortion 
along the antisymmetric NCN stretch- 
ing coordinate. This means that we are 
predicting a double-minimum potential 
function in A. 

The rule would also be useful as an 
additional means of characterizing 
Raman lines of more complicated 
molecules. In the Raman spectra of 
proteins and nucleic acids, the biologi- 
cally interesting environment of a 
chromophore group is often reflected 
in the intensities (rather than the fre- 
quencies) of its Raman lines. Our rule 
would be helpful in understanding such 
a situation. 
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Fetal Hemoglobin Restriction to a Few Erythrocytes 
(F Cells) in Normal Human Adults 

Abstract. During adult life, the quantity of fetal hemoglobin (HbF) present in 
F cells-that is, rare erythrocytes which are reactive with rabbit antiserum to 
human HbF during microscopic immunodifusion-is sufficient to account for 
all of the small quantity (less than 0.7 percent) of HbF normally present in whole 
blood. Thus, erythrocytes are normally heterogeneous with respect to the presence 
of HbF. 
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Trace amounts of fetal hemoglobin 
(HbF) persist in nearly all normal hu- 
man adults (1). In this report we show 
that the bulk of this HbF, rather than 
being uniformly dispersed among all 
erythrocytes, as it is in heterozygotes 
(2) for hereditary persistence of fetal 
hemoglobin (HPFH), is confined to 
a few erythrocytes. 

Our evidence depends on the detec- 
tion in normal adults of rare erythro- 
cytes-termed F cells (3)-which de- 

velop microscopic pericellular immuno- 

precipitates (4, 5) on reaction with 
antibodies to HbF (6). Representative 
F cell immunoprecipitates are illus- 
trated in Fig. 1, a to c, and contrasted 
in Fig. 1, d and e, with immunoprecipi- 
tates surrounding erythrocytes from a 

heterozygote and a homozygote for 
HPFH. The assertion that F cells con- 
tain the bulk of HbF present in whole 
blood rests on the rough concordance 
observed (Fig. 2), in each of 11 nor- 
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mal adults, between the percentage of 
HbF found by macroscopic immuno- 
diffusion assay (7) of whole blood 
hemolyzate and the percentage con- 
tributed by F cells alone (Fig. 2). All 
of these analyses depended on the prep- 
aration (3) of rabbit antiserum which, 
after appropriate immunoadsorption, 
was reactive only with HbF. Antiserum 

specificity was verified by (i) forma- 
tion of a solitary HbF-centered arc 

following immunoelectrophoresis of 
umbilical cord blood hemolyzate con- 

taining both HbF and adult hemo- 

globin (HbA); (ii) an immunodiffu- 
sion reaction of identity with cord 
blood and with purified (8) HbF de- 
rived from an HPFH homozygote who 

entirely lacks (9) adult hemoglobins; 
and (iii) nonreactivity with a hemo- 

globin-free mixture of erythrocyte pro- 
teins. 

Percentages of HbF in whole blood 

hemolyzates were obtained with im- 
munodiffusion gels (7) prepared at 
37?C from a mixture containing 1.5 

percent (weight to volume) agarose 
(Sea Plaque, Rockland, Maine) in 
sterile borate-buffered saline solution 

Fig. 1. Dark-field photomicrographs (X 
200) of single cell immunodiffusion reac- 
tions (3-5). In each photomicrograph, the 
arrow at the center of the galaxy-like peri- 
cellular immunoprecipitate denotes the 
erythrocyte ghost remaining after disrup- 
tion of cells and release of hemoglobin 
into agarose saturated with rabbit anti- 
serum to human HbF (3). The various- 
sized globes, particularly evident in (a) 
to (c), represent not erythrocyte ghosts 
but out-of-focus refractile bubbles and 
debris. At the microscope, these artifacts 
are not easily confused with either ghosts 
or immune reactions. (a to c) Reacting 
erythrocytes (arrows) are F cells from 
three different normal human adults; (d) 
erythrocytes from a woman heterozygous 
for HPFH (mean, 12.7 pg of HbF per 
cell); and (e) erythrocytes from her 
homozygous son (mean, 23.7 pg of HbF 
per cell). In each row, two reactions are 
shown for each individual. Frequency of 
reacting cells among all erythrocytes in 
whole blood is given for each subject on 
the left. 
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(pH 8.4) (10) and 9 percent (by 
volume) rabbit antiserum reactive 
solely with HbF. Portions (8 jul) of 
individual hemolyzates, prepared by 
freezing and thawing freshly drawn 
whole blood and diluted to contain 
known concentrations (30 to 100 mg/ 
ml) of total hemoglobin, were allowed 
to diffuse from wells ~ 2.5 mm wide 
for 3 days at 24?C. The diameter of 
the immunoprecipitate surrounding 
each well was then measured and the 
concentration of HbF determined (7) 
by reference to a standard line ob- 
tained with 8-,/d portions of solutions 
containing 0.05 to 1.0 mg of HbF per 
milliliter; the correlation coefficient for 
regression of immunoprecipitate areas 
on known concentrations of HbF was 
0.995. Our standards contained whole 
blood hemolyzate from an HPFH 
homozygote, who exhibits only HbF 
(9, 11). With such standards, the con- 
centration of HbF was gauged by spec- 
trophotometry of cyanomethemoglobin 
derivatives without recourse to the 
more elaborate procedures (12) re- 

quired when mixtures of HbF and 
HbA in less precisely known propor- 
tions are employed (13) for stan- 
dardization. 

Erythrocytes from the HPFH ho- 

mozygote and from his heterozygous 
mother were also used for standardiza- 
tion of the microscopic immunodiffu- 
sion analysis of F cells. This standardi- 
zation involved (i) determination of 
mean diameters of pericellular im- 

munoprecipitates (Fig. 1) for the 
HPFH heterozygote and homozygote; 
(ii) estimation of mean corpuscular 
hemoglobin (MCH) (14) for each 
HPFH subject; and (iii) measurement, 
by the ratio of phenylalanine to iso- 
leucine (12), of the percentage of 
HbF present in the HPFH heterozy- 
gote (15). The resulting two-point 
standard line obtained when reaction 
diameter was plotted against the 

logarithm of the HbF concentration 

(in picograms per cell) was exactly 
parallel to, and nearly coincident with, 
a three-point standard line obtained 
with the antibody dilution method of 
Gitlin et al. (4). In the latter proce- 
dure, erythrocytes from the HPFH 

homozygote were reacted with different 
dilutions of antiserum to HbF. 

Allowing for the imprecision in 

estimating the frequency of F cells and 

measuring the sometimes poorly de- 
fined boundaries of pericellular im- 

munoprecipitates (16), Fig. 2 shows 
that the F cell contribution of HbF 
is adequate to account for all of the 
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HbF present in whole blood hemoly- 
zates during adult life. Since the per- 
centage of HbF within F cells is re- 
stricted to a comparatively narrow 
range (- 14 to 28 percent of total 
cellular hemoglobin) in all subjects, it 
is not surprising that the approximately 
30-fold range of hemolyzate HbF 
should be matched by a corresponding 
approximately 20-fold range in F cell 
frequencies. Thus, the individual with 
the least HbF (- 0.03 percent) in 
whole blood hemolyzate (11) had the 
lowest number of F cells (1 per 603 

0) 
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Q-- 
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0. 01 0.1 1.0 

Percentage HbF based on 
whole hemolyzate assay 

Fig. 2. Percentage of HbF contributed 
by F cells alone plotted against percent- 
age of HbF measured in hemolyzates of 
whole blood for 11 normal adults (8 men 
and 3 women). Measurements were made 
in duplicate under the conditions noted 
in the text or in the legend to Fig. 1. 
Microscopic measurements of many re- 
action diameters for each subject were 
made at X 625 in dark field by one ob- 
server who was unaware of the individual 
results depicted on the abscissa. Ordinal 
percentages were derived by (i) enumera- 
tion of F cell frequency (range, 1/20 to 
1/603); (ii) estimation of diameters of 
immunoprecipitates surrounding F cells 
(for example, Fig. 1, a to c); (iii) calcu- 
lation, by reference to a standard line 
(11), of average HbF per F cell (4.6 to 
9.0 pg per cell); (iv) conversion of this 
quantity to a percentage (14 to 28 per- 
cent) following estimation (from erythro- 
cyte and hemoglobin concentrations in 
whole blood) of the average MCH (14) 
for all erythrocytes (30 to 37 pg); and 
(v) expression of the total HbF contributed 
by F cells as the product of the percent- 
age of HbF per F cell times the frequency 
of F cells in whole blood. Thus, for the 
point closest to the dashed line, the F cell 
frequency was 1 in 148 erythrocytes; mean 
HbF per F cell, 5.1 pg; overall MCH, 
32 pg, and HbF per F cell, 15.9 percent; 
and contribution of HbF from F cells = 
(15.9 percent) (1/148) = 0.11 percent 
(compare with the estimate of 0.10 per- 
cent HbF in whole blood hemolyzate). 
The dashed line denotes the theoretical 
concordance attained when the HbF from 
F cells accounts for all the HbF detect- 
able in whole blood hemolyzates. 

erythrocytes), while those with the 
greatest percentage of hemolyzate 
HbF (- 0.5 to 0.7 percent) had the 
greatest abundance of F cells (1/20 to 
1/62). This roughly linear relation 
between the quantity of HbF in whole 
blood hemolyzate and the frequency 
of F cells also exists in conditions 
where the percentage of HbF is in- 
creased (17). For example, among 
women in the 23rd and 31st weeks of 
pregnancy and among adults with a 
variety of types of leukemia, there is 
usually a slight to moderate increase 
in whole blood HbF; this increase is 
invariably accompanied by a propor- 
tional increase in F cell frequency 
(17). In other words, the increase in 
HbF in these situations seems to de- 
velop from an amplification of cells 
which are present as a kind of atavism 
in all of us. 

The mechanism underlying these 
findings is uncertain; we do not know 
whether F cells arise from the same 
clones of erythroid stem cells genera- 
tion after generation or represent 
regulatory accidents which consistently 
but randomly appear in different stem 
cell lines in each erythroid generation. 
Whatever the explanation, the results 
are of fundamental interest for they 
point to the need for cell-based analyses 
of other fetal proteins which reappear 
in the course of malignant transforma- 
tion (18). 

The finding (17) that the production 
of F cells is sharply increased during 
a period of pregnancy has potential 
therapeutic significance for the man- 
agement of sickle cell anemia, for it is 
known (19) that sickling and its effects 
are attenuated by whole blood concen- 
trations of HbF higher than 5 to 10 
percent. Since the quantity of HbF 
(14 to 28 percent) within F cells al- 
ready exceeds the concentration which 
can prevent sickling, it is possible that 
the selective enrichment of F cells 
could ameliorate sickle disease. 
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Vaterite: A Mineralization Product of the Hard Tissues 
of a Marine Organism (Ascidiacea) 

Abstract. X-ray diffraction and infrared absorption spectra show that the spicules 
of the common tropical ascidian, Herdmania momus, are mineralized with vaterite. 
These are the first strictly marine organisms known to normally precipitate 
vaterite. The biomineralization of vaterite may constitute another link between 
the urochordates and vertebrates. The vaterite of ascidian spicules immersed in 
natural seawater remains mineralogically unchanged for 1 year, which indicates 
that vaterite may be preserved transiently in marine sediments. 
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Vaterite (CaCO3) is a metastable 
polymorph of crystalline calcium car- 
bonate. It is easily precipitated in the 
laboratory, but it is rare in nature as 
it usually converts to one of the more 
stable carbonate phases, aragonite or 
calcite, and possibly to monohydrocal- 
cite (CaCO3 H20) (1). Vaterite is 
precipitated in nature by a variety of 
organisms, both normally and under 
pathologic conditions (2, 3). It has 
been found also in artificially induced 
skeletal repair and in laboratory cul- 
tures under abnormal conditions (4, 5). 
In the sea vaterite is synthesized by 
two fish species: Acipenser sturio, a 
sturgeon, which migrates occasionally 
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from rivers to marine waters, and 
Gadus morrhua, a cod, which deposits 
vaterite under pathologic conditions (3). 

Here we report the normal skeletal 
mineralization by vaterite of a sessile, 
benthic marine animal, the tunicate, 
Herdmania momus (Savigny, 1816) 
(Urochordata: Ascidiacea), and com- 
ment on its possible evolutionary and 
sedimentary implications. Herdmania 
momus is a highly variable species (or 
species complex), widely distributed in 
warmer seas. It is most abundant in 
nearshore waters 0 to 30 m in depth, 
but occasionally occurs below 500 m 
(6). Its mineralized hard parts consist 
of fusiform spicules, fringed by rows of 
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rig. 1. Scanning electron micrographs showing spicule morphology (A); crystal fabric 
of the spicule core as seen in a lengthwise cut (B) and in cross section (C); arrange- 
ment and crystal habits of fringing spines (D); and crystal shapes of fringing spines 
of a spicule after exposure to seawater for 1 year; note the patchy, crystal coatings (E). 
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