
red blood cells (8). Interference with sur- 
face coats and close apposition between 
plasma membranes have been considered 
prerequisites for actual cell fusion (16), a 
phenomenon that we are unable to rule out 
as a contributing cause of the observed4 
foot process abnormalities. The rapidity of 
induction of epithelial configurational 
changes by polycation perfusion and re- 
versibility following subsequent heparin 
perfusion indicate that the cytoplasmic 
processes of glomerular epithelial cells are 
not rigid structures, but undergo changes 
in shape in response to altered local envi- 
ronment or cellsurface. 

Protein leakage through the glomerular 
filter has been considered to be related to 
the development of foot process abnormal- 
ities (5, 17). Conversely, a cellular defect, 
leading to the development of epithelial 
pockets and vacuoles or "percellular chan- 
nels" has been held to be partly responsible 
for abnormal protein leakage through the 
glomerular filter in rat aminonucleoside 
nephrosis (18). Decrease in anionic sites 
was histochemically demonstrated in 
nephrotic glomeruli, and alterations in 
sialic acid metabolism have been related to 
the onset of proteinuria in rat aminonu- 
cleoside nephrosis (6); but precise data on 
their temporal relationship to the develop- 
ment of epithelial changes are not avail- 
able. It seems reasonable to consider that a 
decrease in anionic sites, in the glomerular 
basement membrane as well as on the 
epithelial surface, may modify the per- 
meability characteristics of the glomerular 
filter; thus proteinuria and morphological 
foot process abnormalities occur con- 
comitantly in the nephrotic syndrome, per- 
haps as a result of defective synthesis of 
negatively charged structural proteins by 
the epithelial cells. The polycation-induced 
glomerular alterations bear striking resem- 
blance to the pathological changes seen in 
the nephrotic syndrome and are presum- 
ably caused by artificial reduction of epi- 
thelial surface charge, Whether interfer- 
ence with epithelial and basement mem- 
brane anionic sites by polycations also 
results in altered glomerular permeability 
remains to be established. 
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important allosteric regulator of hemo- 
globin function in mammalian erythro- 
cytes (3, 4). Until that time the position 
of the oxygen-dissociation curve in any 
given species had been considered "fixed," 
except for the well-known effects of pH, 
temperature, and CO2. It is now generally 
accepted that regulation of hemoglobin 
oxygen affinity by 2,3-DPG serves as an 
important adaptive mechanism for the 
organism during periods ofhypoxia (5). 

Equally distinctive is the presence of 
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Fig. 1. The 2,3-DPG and 
IPP contents of erythro- 
cytes from chick embry- 
os and young chicks. The 
data collected by three 
methods and shown in 
Table 1 for the analyses 
of 2,3-DPG in micro- 
moles per cubic centi- 
meter of red cells were 
averaged for each age and 
plotted as a function of 
time in days of incuba- 
tion or days after hatch. 
The levels of IPP in mi- 
cromoles per cubic cent- 
imeter of cells for each 
respective age are plotted 
as a function of time. 
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2,3-Diphosphoglycerate in Erythrocytes of Chick Embryos 

Abstract. 2,3-Diphosphoglycerate, heretofore considered absent in avian erythrocytes, 
occurs in the erythrocytes of embryos to the extent of 4 to 5 micromoles per cubic cen- 
timeter of erythrocytes before hatching; it disappears from the cells within 8 days after 
the embryo hatches. 
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Table 1. 2,3-Diphosphoglyceric acid and inositol pentaphosphate in erythrocytes from chick em- 
bryos and chicks. The embryo age is indicated as the day of embryonic development (DE) from start 
of incubation. "Pipped" means embryos that have pipped the shell but have not hatched. "Hatched" 
are chicks that have been out of the shell for 1 to 2 hours. Chick age is shown as day since the chick 
(DC) hatched. Enzymatic assay of 2,3-DPG was determined by reaction kinetics on perchloric acid 
extracts of erythrocytes. Trichloroacetic acid extracts of erythrocytes were chromatographed on 
Dowex 1-X8 formate columns. The 2,3-DPG was determined by reaction of portions of column frac- 
tions with chromotropic acid and by wet-ash phosphate analysis. IPP was assayed by wet-ash phos- 
phate analysis of column fractions. Numbers in parentheses indicate the number of determinations 
and ?- values are standard deviation. 

2,3-DPG ( umole/cm3) IPP ( ,mole/cm3) 

Age Enzymatic Phospho- 
assay glyceric acid Pi Pi 

14-DE 1.62 ? 0.10(4) 1.63 ?+0.53 (2) 1.57 ?-0.06(2) 0.51 ? 0.01 (2) 
15-DE 3.22 ?0.20(4) 4.14(1) 4.02(1) 0.38(1) 
16-DE 5.26 ? 0.12 (4) 
17-DE 5.43(1) 5.88(1) 0.42(1) 
18-DE 4.67 ?0.30(6) 5.09 - 1.29(3) 5.10 ?0.21 (3) 0.48 ?0.06(3) 
20-DE 3.89 ? 0.27 (2) 4.60 ? 0.51 (2) 0.79 ? 0.28 (3) 
Pipped 4.61 - 0.32 (8) 
Hatched 3.04 - 0.12 (6) 
1-DC 0.76 1.13 1.15 
3-DC 0.57 0.58 1.42 
5-DC 2.69 
8-DC 3.47 
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inositol polyphosphates in the erythrocytes 
of birds (6) and some turtles (7). This ma- 
terial, making up approximately three- 
fourths of the cellular organic phosphate, 
was first thought to be inositol hex- 

aphosphate, phytic acid (IHP), but has re- 
cently been identified more accurately (8) 
as the 1,3,4,5,6-pentaphosphate of inositol 

(IPP). The supposition that the IPP in 
avian erythrocytes might serve as a reg- 
ulator of hemoglobin function in a similar 
manner to that of 2,3-DPG in mammalian 
red blood cells, although not proved, is 

supported by studies in vitro (3, 9) and in 
vivo (10, 11). In fact, IHP binds more 

tightly to hemoglobins and is more effec- 
tive in lowering oxygen affinity than is 2,3- 
DPG. The increases of IPP in the chick red 
cell shortly after it hatches (Fig. 1) un- 

doubtedly accounts for the observed de- 
crease in affinity for oxygen in whole blood 

during this period of development (10, 11) 
We have been studying the changes in 

P50, hemoglobin type, and organic phos- 
phate in erythrocytes from newly hatched 
chicks (10). On extending these studies to 

embryos we were quite surprised to find 

high concentrations of 2,3-DPG, com- 
parable to those in human red cells (4 to 5 
pmole per cubic centimeter of packed 
cells), in the erythrocytes of the embryo 
shortly before hatching (Table 1). The 
amount of 2,3-DPG increases in the 

erythrocytes from the 14-day embryo to a 
maximum in the 16- or 17-day embryo and 
then drops precipitously in erythrocytes 
from embryos at the time of hatching 
(Table 1; Fig. 1). On the other hand, IPP is 

present in only small amounts in the 

erythrocytes until hatching and then accu- 
mulates rapidly. 
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The material we are measuring is iden- 
tical with 2,3-DPG in that it possesses 
the characteristic elution position from 
Dowex l-X8 with an ammonium formate 
buffer system (12), gives the appropriate 
color in assays for glycerate (13), the 
ratios of phosphate (14) to glycerate are 
2:1, and stimulates phosphoglycerate 
mutase activity in an enzymatic assay for 
2,3-DPG (15). 

The significance of the presence of 2,3- 
DPG in the red blood cells of the chick em- 
bryo is not readily apparent. It accounts 
for approximately 45 percent of the cell 

phosphates and is the major organic phos- 
phate in the chick embryo red blood cell 
during the last week of incubation. The ac- 
cumulation and rapid elimination of 2,3- 
DPG from the erythrocyte of the embryo 
during this period is puzzling. In other 
studies we have found that 2,3-DPG inter- 
acts with chicken hemoglobins, shifting the 
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rocytes of the embryo to IPP shortly after 
hatching indicates an abrupt activation 
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able to propose that the sudden changes 
in oxygen tension that result from the 
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Whether these events may be related to the 
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Meteor-Generated Infrasound Meteor-Generated Infrasound 

In their report Donn and Balachandran 

(1) have made a complex problem appear 
overly simple. They suggest that, indepen- 
dent of other present means of meteor de- 
tection, they can determine a meteor influx 
rate with the use of acoustical methods. On 
the contrary, I suggest that their present 
speculation linking the pressure waves they 
record to meteors is not well founded. No 
cause-and-effect relationship has been es- 
tablished. All the supporting evidence they 
cite is indirect. 

The following points stand out with re- 

spect to their hypothesis: 

In their report Donn and Balachandran 

(1) have made a complex problem appear 
overly simple. They suggest that, indepen- 
dent of other present means of meteor de- 
tection, they can determine a meteor influx 
rate with the use of acoustical methods. On 
the contrary, I suggest that their present 
speculation linking the pressure waves they 
record to meteors is not well founded. No 
cause-and-effect relationship has been es- 
tablished. All the supporting evidence they 
cite is indirect. 

The following points stand out with re- 

spect to their hypothesis: 

1) Recent theoretical treatments by both 
Tsikulin (2) and ReVelle (3) predict that an 
air wave signal with a period of 3 seconds 

(at maximum signal amplitude) as shown 
in figure 1 of Donn and Balachandran (1) 
at a range of about 50 km requires for its 

production a very large object (2 1 m in 
diameter, depending on the Mach number 
of the meteor). The theoretical analysis as- 
sumes that under certain flow conditions 
the meteor-atmosphere interaction can be 
treated with the use of a cylindrical blast- 

wave, line-source model. Specific details 
can be found in ReVelle (3). Such a large 
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