
Fig. 1. Retinal layer of male eye, showing 
nuclei of rods and cones. The nuclei of 
cone cells are large and vesicular with 
multiple, minute masses of chromatin. 
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plantation (8, 9). In one other tissue, 
the bone marrow, somatic cells fail to 
show a condensed X (10); this fact 
appears ito be in contradiction to the 
finding of two populations of red cells 
in individuals heterozygous for glucose- 
6-phosphate dehydrogenase deficiency 
(11). 

A number of examples are known 
of "paitches" of cells in which one or 
the other of the sex chromosomes is 
inactivated, confirming the X-inactiva- 
tion hypothesis. The most notable are 
those resulting in variegated coait color 
in the mouse, in which coat color genes 
are present on an X-chromosome. In 
fact, examples of these have been used 
by Russell (12) and Lyon (13) as evi- 
dence for the X-inactivation hypothesis. 
Also, ocular albinism results in a finely 
mottled fundus in the heterozygote 
(14). 

Krill and Beutler (15), using the 
dark-adapted fundus, found -the red- 
light threshold of female pro,tan heter- 
ozygotes to be no different from that 
of 'the male hemizygote in all areas. Us- 
ing the light-adapted fundus (the tech- 
nique bleaches the rods and therefore 
makes them less sensitive), they found 
(16) intermediate degrees of thresh- 
old sensitivity ito red light in 1-degree 
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Fig. 2. Retinal layer of female eye. The 
arrow marks the only cone-cell nucleus 
that is in focus; the nucleus contains a 
distinct sex-chromatin body. 
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targets. Although some variation was 
detected, it did not exceed thait found 
in normal individuals. This work sug- 
gested that, while inactivation of sex 
chromosomes may occur in the cone 
cell of the retina, paitches, if ithey de- 
velop, must be smaller than 1 degree. 

Recalling the lack of a condensed X- 
chromosome in bone-marrow cells, I 
suggested that an alternative view might 
be taken for the results obtained by 
Krill and Beutler. The possibilities were: 
(i) Patches of cone cells in the retina 
are so minute as to be undetectable. 
(ii) No patches occur because the 
function of ithe cone cells requires that 
both X-chromosomes be extended. If 
the second alternative were true, the 
cone cells of the retina, like the cells 
of bone marrow, would be deficient 
in sex chromatin in females. There- 
fore, I studied 'the status of sex chroma- 
tin in the cone cells of ithe human eye. 

Sections of eye tissue which had 
been removed from ten adult males 
and six adult females because of various 
pathological conditions but which were 
nevertheless considered suitable for 
s'tudy were stained by routine hema- 
toxylin and eosin procedures after fixa- 
tion and embedding in paraffin. None 
of the cells in the males, but all those in 
the females, showed a distinct sex- 
chromatin mass at or near the nuclear 
membrane (Figs. 1 and 2). The masses 
showed the usual variations in shape, 
from a disk to a bent rod, and seemed 
quite prominent. 

There appear to be some differences 
in "patch" development among various 
tissues with respect to X-chromosome 
inactivation. In 'the skin and pigmented 
layer of retina, patches regularly oc- 
cur in heterozygous female mammals 
in which X-linked genes for pigmenta- 
tion are present (12-14). However, 
retinal cone cells do not demonstrate 
patch formation in heterozygotes for 
protanopia, nor is patch formation de- 
tectable (by glucose-6-phosphate de- 
hydrogenase determination) in uterine 
muscle of heterozygotes for G-6-PD de- 
ficiency. However, uterine myomas 
consist of cells of one type with re- 
spect to G-6-PD (17). This fact indi- 
cates that X-chromosome inactivation 
occurs in cells of uterine muscle and 
thalt ithe myoma originates from a clone 
established from a single cell. 

Pigmented cells of skin and retina 
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therefore, may arrive at their final desti- 
nation widely separated from their sister 
cells and 'then proceed to establish a 
clone. This would enable them to de- 
velop patches derived essentially from 
a single cell. Structures or tissues de- 
veloped in situ-that is, without the 
migration characteristic of melanocytes 
and of other cells-would inevitably be 
a mixture of cells with respect to X- 
chromosome condensation. Mosaicism 
would be preserved, but patch forma- 
tion would be on a cell-to-cell basis. 

RAYMOND L. TEPLITZ 

City of Hope Medical Center, 
Duarte, California 91010 

References and Notes 

1. M. L. Barr and E. G. Bertram, Nature 163, 
676 (1949). 

2. K. L. Moore and M. L. Barr, J. Comp. 
Neurol. 98, 213 (1953). 

3. L. Geitler, Z. Zellforsch. Mikr. Anat. 26, 
641 (1937). 

4. S. Ohno, W. D. Kaplan, R. Kinosita, Exp. 
Cell Res. 18, 415 (1959). 

5. J. H. Taylor, Advance. Biol. Med. Phys. 7, 
107 (1960); J. L. German, J. Clin. Invest. 
40, 1041 (1961). 

6. B. M. Slizynski, Nature 179, 638 (1957). 
7. A. J. Therkelsen, Lancet I, 987 (1964). 
8. T. W. Glenister, Nature 177, 1135 (1956). 
9. W. W. Park, J. Anat. 91, 369 (1957). 

10. J. L. Hamerton, Lancet I, 1222 (1964). 
11. E. Beutler, M. Yeh, V. F. Fairbanks, Proc. 

Nat. Acad. Sci. U.S. 48, 9 (1962); E. Beutler 
and M. C. Baluda, Lancet I, 189 (1964). 

12. L. B. Russell, Science 133, 1795 (1961). 
13. M. Lyon, Nature 190, 372 (1961). 
14. P. J. Waardenberg and J. Van den Bosch, 

Ann. Human Genet. 21, 101 (1956-57). 
15. A. E. Krill and E. Beutler, Invest. 

Ophthalmol. 3, 107 (1964). 
16. --, Science, in press. 
17. S. M. Gartler and D. Linder, Cold Spring 

Harbor Symp. Quant. Biol. 24, 253 (1964). 
18. M. E. Rawles, Physiol. Zool. 20, 248 (1947); 

S. W. Beaker and A. A. Zimmerman, J. 
Invest. Dermatol. 25, 103 (1955); G. W. 
Bartelmez, Contrib. Embryol. 35, 55 (1954). 

19. Investigation supported, in part, by general 
research support grant 1S01 FR 05471-03-5, 
and by a supporting fund established in the 
name of Daniel E. Conway. 

18 October 1965 

Differential Enzymatic Activity in 

Ecological Races of 

Typha latifolia L. 

Abstract. Glycolic acid oxidase ac- 
tivity in chloroplast fragments from 
ecotypic populations of T. latifolia L. 
was much greater, particularly at low- 
er temperatures, in populations adapted 
to a semimaritime climate than in 
populations adapted to a continental 
climate. 
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Abstract. Glycolic acid oxidase ac- 
tivity in chloroplast fragments from 
ecotypic populations of T. latifolia L. 
was much greater, particularly at low- 
er temperatures, in populations adapted 
to a semimaritime climate than in 
populations adapted to a continental 
climate. 

The accumulated data on physio- 
logical patterns in ecological races of 
plants (1) provide circumstantial evi- 
dence for the existence of .profound 
enzymatic differences between plants 
from conspicuously different habitats, 
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Table 1. Glycolic acid oxidase activity (oxy- 
gen consumption) in chloroplast fragments 
from ecotypic populations of Typha latifolia 
L. at three temperatures. The results repre- 
sent oxygen consumption of two replications, 
each consisting of six flasks, expressed as 
milliliters of oxygen per flask per 5 minutes. 

Oxidase activity 

Temp. Beaverton Redmond 
( C) 

A B A B 

17 31.9 18.8 8.9 8.7 

27 30.0 16.3 11.8 9.9 

37 19.9 9.7 12.6 9.2 
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but no data have been provided docu- 
menting directly an enzymatic differ- 
ence between ecotypic populations. 

In an investigation designed to de- 
termine whether there are definite en- 
zymatic differences between plants 
adapted to different habitats, four pop- 
ulations of broad-leaved cattail, Typha 
latifolia L., were selected. Two popu- 
lations were from sites near Beaver- 
ton, Oregon, in a semimaritime climate 
characterized by a long growing sea- 
son (264 days), cool midsummer high 
temperatures (about 25?C), and mild 
midsummer lows (15?C). The other 
two populations were from Redmond, 
Oregon, in a continental climate char- 
acterized by a short growing season 
(130 days), warm midsummer highs 
(35?C), and cool midsummer lows 
(10?C). Although the mean daily 
temperatures are similar, diurnal vari- 
ation is much greater in the Redmond 
location. 

Standard techniques for the isola- 
tion of chloroplasts were used (2) 
except that plastids from greenhouse- 
grown plants were sedimented under 
conditions between 1000g for 1 minute 
and 37,000g for 10 minutes. Chloro- 

plasts were fragmented by suspending 
the pellet in 0.067M phosphate buffer, 
pH 7.8, to a concentration of 0.08 g 
of plastid fragments per milliliter; 2.5 
ml of this suspension was added to 
each Warburg flask. Enough glycolic 
acid was in the sidearm to make 
the suspension 0.008M. Standard man- 
ometric techniques with KOH were 
used (3). 

Data presented are from two ex- 
perimental sets, each of which con- 
sisted of six flasks for each popula- 
tion at each temperature. The data in- 
dicate that glycolic acid oxidase ac- 
tivity differed markedly, depending 
upon the type of climate to which 
the plant population was adapted (Ta- 
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ble 1). Student's t-test on paired sam- 
ples showed that Beaverton A was 
much more active than all other popu- 
lations at all temperatures (P << 
0.001 in all comparisons). The Bea- 
verton B population was more active 
than either Redmond population at 
17? and 27?C (P << 0.001) but was 
less active than Redmond A at 37?C 
(P < 0.01). The two Redmond popu- 
lations were not significantly different 
except at 37?C where population A 
was more active. These data provide 
direct evidence that enzymatic activ- 
ity is conspicuously different and that 
temperature dependence is different 
in populations occupying distinct 
habitats. 

Although considerable controversy 
surrounds the role of glycolic acid in 
the carbohydrate metabolism of higher 
plants (4), there can be little doubt 
that at normal concentrations of CO2 
a significant proportion of the CO2 
fixed is metabolized by glycolic acid 
oxidase (5). The important function 
of this enzyme in carbohydrate me- 
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The convulsions and depressed met- 
abolic changes which accompany ex- 
posure to oxygen at high pressure were 
first described by Bert in 1878 (1). 
There has been at least one death at- 
tributed to the clinical use of hyper- 
baric oxygenation (2). The problem of 
toxicity to oxygen at high pressure is 
an obstacle to more widespread clini- 
cal application of hyperbaric oxygena- 
tion (3). 

Studies on cellular metabolism have 
led us to believe that succinate should 
offer protection against the toxic ac- 
tion of oxygen at high pressure. A 
series of experiments was performed 
on four groups of fasted male Sprague- 
Dawley rats (160 to 225 g). Group 1 

(controls) was given intraperitoneal in- 

jection of 7.5 ml of 0.4A succinate 
solution (pH 7.4) 21/2 hours before 
they were killed; groups 2, 3, and 4 
were given intraperitoneal injections of 
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tabolism suggests that the conspicuous 
differences in glycolic acid oxidase ac- 
tivity between populations from dif- 
ferent habitats probably reflect selec- 
tive processes that are oriented by 
climatic adaptation of assimilatory 
metabolic pathways. 

S. J. MCNAUGHTON 
Division of Systematic Biology, 
Stanford University, Stanford, 
California 94305 

References and Notes 

1. W. Billings, E. Clebsch, H. Mooney, Science 
133, 1834 (1961); H. Mooney and W. Billings, 
Ecol. Monogr. 31, 1 (1961); 0. Bjorkman and 
P. Holmgren, Physiol. Plantarum 16, 889 
(1963). 

2. D. Arnon, M. Allen, F. Whatley, Biochim. 
Biophys. Acta 20, 449 (1956); F. Whatley, M. 
Allen, A. Trebst, D. Arnon, Plant Physiol. 35, 
188 (1960). 

3. W. Umbreit, R. Burris, J. Stauffer, Manomet- 
ric Techniques (Burgess, Minneapolis, Minn., 
1964). 

4. J. Bassham, Ann. Rev. Plant Physiol. 15, 101 
(1964); I. Zelitch, ibid., p. 121; - , J. 
Biol. Chem. 240, 1869 (1965). 

5. I. Zelitch, J. Biol. Chem. 234, 3077 (1959). 
6. Supported by grants from Tektronix Founda- 

tion and Portland State College. The techni- 
cal assistance of Mrs. Leta Burnham is 
acknowledged., 

13 September 1965 a 

tabolism suggests that the conspicuous 
differences in glycolic acid oxidase ac- 
tivity between populations from dif- 
ferent habitats probably reflect selec- 
tive processes that are oriented by 
climatic adaptation of assimilatory 
metabolic pathways. 

S. J. MCNAUGHTON 
Division of Systematic Biology, 
Stanford University, Stanford, 
California 94305 

References and Notes 

1. W. Billings, E. Clebsch, H. Mooney, Science 
133, 1834 (1961); H. Mooney and W. Billings, 
Ecol. Monogr. 31, 1 (1961); 0. Bjorkman and 
P. Holmgren, Physiol. Plantarum 16, 889 
(1963). 

2. D. Arnon, M. Allen, F. Whatley, Biochim. 
Biophys. Acta 20, 449 (1956); F. Whatley, M. 
Allen, A. Trebst, D. Arnon, Plant Physiol. 35, 
188 (1960). 

3. W. Umbreit, R. Burris, J. Stauffer, Manomet- 
ric Techniques (Burgess, Minneapolis, Minn., 
1964). 

4. J. Bassham, Ann. Rev. Plant Physiol. 15, 101 
(1964); I. Zelitch, ibid., p. 121; - , J. 
Biol. Chem. 240, 1869 (1965). 

5. I. Zelitch, J. Biol. Chem. 234, 3077 (1959). 
6. Supported by grants from Tektronix Founda- 

tion and Portland State College. The techni- 
cal assistance of Mrs. Leta Burnham is 
acknowledged., 

13 September 1965 a 

7.5 ml isotonic saline, 0.4M dextrose 
solution (pH 7.4), and 0.4M succinate 
solution (pH 7.4), respectively, 1 hour 
before exposure (1/2 hours) to 100 
percent oxygen at 5 atm (absolute 
pressure). 

Nine of the ten animals given iso- 
tonic saline (group 2) were dead be- 
fore the end of the exposure period, 
and the tenth died before tissues could 
be removed for analyses. Five of the 
ten animals receiving dextrose (group 
3) died during exposure, three ex- 
hibited symptoms of oxygen toxicity 
(convulsions, loss of consciousness, 
frothing at the mouth), and two ani- 
mals appeared normal. All of the 22 
animals receiving succinate injections 
(group 4) were normal in appearance, 
alert, and active. Six animals were ob- 
served for 6 days and showed no after- 
effects. 

The concentrations of energy stores 
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Succinate: Protective Agent against 

Hyperbaric Oxygen Toxicity 

Abstract. When succinate is used to protect rats against the toxicity of oxygen 
at high pressure, 100 percent survive, with normal or above normal concentra- 
tions of adenosine triphosphate being present in the cerebral hemisphere, liver, 
and kidney. In contrast, 90 percent of the nonprotected animals died during 
exposure. In corresponding tissues of surviving nonprotected animals adenosine 

triphosphate concentrations are mak edly reduced. 
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