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and perhaps others) with the developing seeds of cairot  	 References 
and dill, and the results suggest tha t  these insects are 
responsible for  the natural occurrence of embryoless 
seeds in these species. 

I ~ y g u s  bugs are widely distributed and are known to  
feed on many of our native wild and cultivated plants. 
They reduce seed crop yields by causing bud blasting, as  
\\ell as  blossorn and young f ru i t  drop in alfalfa, beans, 
and cotton (6, 8, 10) ,  seed spotting and pitting in  the 
common and lirna beans (1, d ) ,  shriveled empty seeds i n  
alfalfa ( 2 ) )and reduced germination in beet, cotton, and 
guayule (5, 7, 9). As f a r  as  the w*iter is aware, a rela- 
tionship between embryoless seeds in the Umbelliferae 
and Lygus bugs has not previously been observed. 

I n  attempts to  determine the c a l m  of embryolessness, 
various possible factors, such as  type of soil, locality, 
neather couditions, pollinating insects, and genetical in- 
fluence, were studied but none of these seemed to  have 
any bearing on the problem. Embryolessness was found 
to  appear a t  random from year to year, wit11 no correla- 
tion in regard to position on the plant or within the 
umbel (flower cluster). However, there was some indi- 
cation tha t  the seeds within a pair sometimes behaved 
similarly. Within a given sample embryolessness was 
present in seeds of all sizes. It was noted tha t  embryo- 
less seeds see~necl to appear :rt a rather late stage of seed 
development, usually after the endosperm was more or 
less completely formed-that is, when it was white and 
firm. Very little embryolessness occurred early in the 
season a t  Yonkers, New York, but it nras often quite 
prevalent in the midseason and early fall crops. 

Various types of insects found visiting the flowers and 
developing fruits  of v:rrious members of the Urnhelliferne 
growing in Yonkers were caged with dill plants. Knl-
hryoless seeds almost invariably occurred, usually in very 
high percentages, on the plants or specific umbels ~vhich 
had been caged with Lygus bugs. Eucept for :I few in- 
stances, no embryoless seeds were produced in either the 
control plants (caged insect-free) or in plants c:rged with 
other types of insects, such as ants, aphids, bees, Japa-  
nese beetles, lady beetles, and syrphid flies. The pros- 
ence of a few embryoless seeds under these circumstances 
indicnteil either tha t  the Lygus bugs, especially nymphs, 
\\ere not effectively excluded or tha t  otlier factors, per- 
h:rps otlier insects, may occasionally have a n  influence in 
producing embryolessness. I n  the open field where dill 
plants were exposed to all types of insects, the percentage 
of ernbryoless seeds ranged from 0 to  62%, while no em- 
bryolessness occurred in the seeds from umbels protected 
frorn insects by cages. I n  the case of plants caged with 
T ,~gus  bugs throughout the period of floc\.ering to the 
production of mature seed, the amount of embryoless 
seeds obtained ranged from 1 to loo%, with an  average 
of 58%. There was some indication tha t  contact with 
T~ygus bugs a t  the time of flowering or shortly thereafter 
~odinced sped yield, while contact for only 48 hr a t  later 
stcges of seed development produced embryoless seeds. 

These results establish tha t  the feeding of Lygus bugs 
produces embryoless seeds i n  dill. Preliminary results 
with carrot were similar. Details of tliese experiments 
are appearing elsewhere. 
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A Metabolic Regulator in Mammalian 
Spermatozoa1 
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The nietabolic 1,rocesses by which mammalian sper-
matozoa derive energy for  motility have been a subject 
of investigation in this laboratory for  some time. Wlrcn 
the results of a series of studies (8-15) of the metabo- 
lism of bovine spermatozoa obtained from semen nere  
compared with those of other investigators (3, 4, 18, 3 9 ,  

20) who had studied epididymal spermatozoa, i t  becanre 
apparent tha t  the metabolic pattern exhibited by b o v i ~ ~ e  
sperm cells from tliese two sources differed greatly. 
Since these workers (3 ,  4, 18, 19, 20)  had used a wide 
variety of techniques and experimental conditions, a 
study was made (7, 16) of the metabolism of waslled 
bovine epididymal spermatozoa in the calcium-free buf- 
fer-salts solution developed for  ejaculated spermatozoa 
(11). Under these experimental conditions several met- 
abolic differences between ejaculated and epididynial 
spermatozoa were observed. Those pertinent to the 
present discussioil are : 

(1) Most ej:rculated spermatozoa have a vigorous (3-

dogenous respiratiolr (Q,, = 9)  (10). The addition of 
glucose results in a somewhat decreased ra te  of oxygen 
consumption ( 8 ,  9,  1.8, 16) .  I n  contrast, fresh epididy- 
ma1 spermatozoa have a comparatively low rate of en-
dogenous respiration (Q,,, = 1-4) while in the presence of 
glucose, respiration is  appreciably greater (Q,,, = 2-(i) 

(7).  
(2) Many specinlens of ejaculated spermatozoa exhibit 

only a feeble Pasteur effect, z.e., glycolysis in aerated 
media is almost as  great as  in the absence of oxygen 
(8, 10, 14).  On the otlrer hand, glycolysis by epidirlymnl 
spermatozoa is 3-7 times faster under anaerobic condi-
tions than i t  is in the preseuce of air  (7) .  Certain 
specimens of ejaculated spermatozoa having a low en-
dogenous respiration resemble epididymal sperm cells in 
tha t  they exhibit a fairly strong Pasteur effect (13, 14)  

1 Published with the approval of the director of the Wis- 
consin Agriculturtrl Expcrime~rt Station. This work was sull-
1)ortcd in part by a grant from the Rockefeller Fou~~ilation 
to C. A. Elrehjrm :]nil by the Badger Srrrdrrs Cooprrtrtivr. 
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( 3 )  Storage of excised epididymides alters their con-
tained spermatozoa so tha t  their metabolism more closely 
resembles tha t  of ejaculated spermatozoa (7). 

TABLE 1 

Enilo-
grnous 

+ Glu-
cose 

In 
air In Nz 

.i. Epididym:il . . . . .  6 10 13 56 
B. Ejaculated . . . . . .  20 16 20 25 
C. Epiclidymill 

+regulator . . . .  20 22 20 35 

* Z = mma gas exchange/100 million sperm cells/hr = 2.5 Q 
( 1 0 ) .  Z,=mm3 COz equivalent to the lactic acid produced. 

The data represent averages of from 10 to more than 100 
irlilividual obser.iations. Lactic acid was (letermined by the 
method of Barker and Summersorl ( 1 ) .  Res~iration meas- 
urements were made as described previously (7, 11). 

Data summarizing these observations are included in 
Table 1, lines A and B, and in Table 2, line A. The 
data  here are expressed in terms of Z values2 instead 
of the more conventional Q values since cell counts are  
more conveniently made than dry weight determinations. 

It is  interesting to consider these metabolic da ta  to- 
gether with observations of motility. Epididymal sper- 
lnatozoa with a Z,, of 6 move almost as  vigorously as  
do ejaculated spermatozoa with a Z,, of 20. It appears, 
therefore, tha t  the ejaculated spermatozoa are  not as  
efficient in couverting the energy of oxidative reactions 
to motion. The respiratory processes of the ejaculated 
spermatozoa are also less effective in depressing the rate 
of glycolysis. 

A search for  the cause of these differences in metabolic 
efficiency and for  the phenomena described under ( 3 )  
has led to the discovery of a metabolic regulator which 
is present in a bound (inactive a )  form in epididymal 
spermatozoa and which is  apparently liberated in a n  
active form soon af ter  ejaculation. When small quan- 
tities of this regulator are added to  epididymal sper-
matozoa an  increased rate of respiration and aerobic 
glycolysis results immediately (Table 1, line C).  The 
metabolism of epididymal spermatozoa in the presence 
of added regulator closely resembles that  of ejaculated 
spermatozoa. Anaerobic glycolysis is usually depressed 
by the regulator, especially a t  higher concentrations. 
The response to  a single level of the regulator is  shown 
in Table 1, line C. Greater quantities depress respira- 
tion and glycolysis and abolish motility. 

The biological activity of the regulator appears to 
result, a t  least i n  part, from its  ability to uncouple 
exergonic oxidations from the phosphorylation reactions 
with which they are normally associated (6) .  The regu- 
lator resembles dinitrophenol in tha t  i t  stimulates cel- 
lular respiration and aerobic glycolysis while preventing 
energy utilization (2, 5, 14, 1 7 ) .  We have devised a n  

2From the Grrm:~n "Zrllr." T l ~ csymbol was first usetl 
h r  Rrdrnz ( I S 1 .  

assay for  the regulator based on i ts  ability to  stimulate 
the rate of aerobic fermentation by baker's yeast. De-
tails will be presented elsewhere. 

Using the yeast assay, it has been found tha t  the 
regulator is present in a bound, inactive form in freshly 
ejaculated bull spermatozoa. During storage of semen 
a t  room temperature the substance is rapidly liberated 
from the spermatozoa into the seminal fluid in a water-
soluble form which is still inactive for  the yeast cell. 
The active substance is  liberated from the water-soluble 
conjugate slowly during storage or more rapidly by mild 
alkaline hydrolysis. The substance liberated by hydroly- 
sis is soluble in chloroform, ether, acetone, and petroleum 
ether. Alkaline hydrolysis is  more effective in liberating 
the active form from the water-soluble conjugate than 
from tlie original bound form. 

Fresh epididymal spermatozoa contain almost none of 
the free active regulator, but a n  appreciable quantity 
can be liberated by alkaline hydrolysis. When excised 
epididymides are  stored in the refrigerator, the free 
form of tlie regulator is  progressively released (Table 
2) .  These results point to  the likelihood tha t  the in-
creased rate of respiration of epididymal sperm follow- 
ing storage is  brought about by the liberated regulator. 

Furthermore, it seems probable tha t  the free regulator 
liberated into semen af ter  ejaculation is responsible for 
the higher rate of respiration of ejaculated spermatozoa 
as  compared with epididymal spermatozoa. 

We feel certain tha t  the agent described plays an 
important role in the senescence of spermatozoa. I f  
methods can be developed to prevent the liberation of 
the regulator or to counteract i ts  effect once i t  is lib- 
erated, viable spermatozoa might be preserved for  f a r  

lCal,.acT OF STORING ON ~ ~ ~ ~ G S P I R A T I O NEPIDIDYAIIDES TIIE OF 

THIGIR CONTAINED THESPEBA~ATOZA,LIBERATION 
O F  THE REOULATOR, A N D  T H I  RKSPONSI~: 

TO ADDEDRE~:IJI.ATOR* 

Time epididymicles were 
stored at  5" C 

Treatment 
-

ZO, 
---- -- p-p 

.\. Control . . . . . . . . . . .  9 14.4 18.3 
8. Plus regulator ;0.65 

units/ml . . . . . . . .  20.:3 20.3 22.4 

TJnits of regulator/lOh 
sperm cells 

-

('. Boiled spermatozoa . .04 . . .  0.7 
I). Alkali-hydrolyzed 

spermatozoa . . . . .  1.1 ... 3.2 

* One unit of regulator is the quantity required to give a 
half-maximum response in the standard yeast assay. Epi-
didymal spermatozoa were mashed with buffer-salts solution 
(11) before experimentation. 

Respiration was measured in the presence of 0.01 M glucose. 
Alkaline hydrolysis was carried out by suspending cells in 

0.17 N NaOH and heating 10 min on boiling water bath. 
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longer periods of time than are now possible. The role 
uf this regulator in sperm fertility is being studied. 
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volume of a solution of desoxyribol~ucleic acid depoly-
merase. T l ~ e  preparations were i~lcubated a t  37" C for 
periods of time up to 3.5 hr. I n  other experiments, 
s u s p e ~ ~ s i o ~ ~ scells Walker No. ofof of Carcinoma 256 
the ra t  i n  Binger's solution were used in a similar man- 
ner. After illcubation portions of the tumor cell-enzyme 
mixtures were transplanted into ra ts ;  if tumor growth 
followed i t  was assurance that the cells were living during 
the experiment. 

The ultraviolet light (2654 A) absorbing material and 
the Feulgen stainable material in nuclei of the smears 
of both chicken erythrocytes and tumor cells were re-
moved gradually and completely; however, there was nu 
apparent effect on the nuclei of supposedly living chickell 
erythrocytes in the enzyme-blood mixture, or on the sus-
pe~lsio~l The tumor cells produced tumors of tumor cells. 
after subcutaneous inocula t io~~ into rats ; assuredly, they 
were living during exposure to the enzyme. 

The cnzyrne attacked cells killed by heat, formald(~-
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Lack of Depolymerase Effect on 
Desoxyribonucleic Acid in Living Cells 

J. 0.Ely and M. H. Ross 

Biochemical Research Foundation, Newark, Delaware 

Desoxyribonucleic acid depolymerase has been re-
ported to remove ultraviolet light absorbing co~lstituents 
and Feulgen stainable material, from nuclei in sections 
of tissue, and from nuclei of dead cells (1,8,4). There 
has been no reference in the literature, so f a r  as the 
authors know, to the use of this enzyme on living cells. 

I n  some experiments in this laboratory, it was found 
that tlie enzyme removed desoxyribonucleic acid from 
riuclei of chicken erythrocytes in smear preparations. 
After treatment with tlie enzyme, the nuclei failed to 
absorb ultraviolet light and did not stain with Feulgen's 
reagent. Addition of the enzyme to freshly obtained 
chicken blood, however, failed to affect the nuclei. This 
result suggested that perhaps living cells wcre unaf-
fected by this enzyme when it was added to the extra- 
cellular fluid; results of further i~lvestigation showed 
that this is so with chicken erythrocytes and cells of 
Walker Carcinoma No. 256 of the rat. 

Smears of chicken erythrocytes were fixed by immer- 
sion in 95% ettipl alcohol; they were then placed into 
fresh chicken blood to which had been added an equal 

difference; i t  appears to be only necessary that the cell 
be dead for tlie enzyme to act. 

Inability of the enzyme t$ act 011 the dcsoxyribonucleir 
acid of living cells might be explained by: a )  absorption 
of the enzyme by cell constituents other than nucleic 
acid; b) antienzyme action; c )  impermeability of cell 
membranes; d )  inability of the enzyme to attack nucleic 
acid in tlie state that it exists in the living cell. 

The possibilities that absorption and antienzyme ac-
tivity prevented action of the enzymes on living cells 
were excluded by the fact that dead cells were acted 
upon by the same enzyme solution which failed to act 
on living cells. The assumption that membranes of the 
living cell are impermeable to depolymerase offers a 
plausible expla~lation for tlie lack of effect on living 
cclls ; however, i t  cannot be proved indisputably. 

Whether or not other enzymes added to the exterior 
enviro~lment of living cells would fail  to act on the re-
spective sul)strates in cells is not known. Northrop ( 9 ) ,  
in 1926, reported that  trypsin and pepsin were not take11 
up by cells of living organisms (earthworms, Euglena, 
yeast, meal worms, gold fish, and Fundulus), whereas, 
when the organisms died the enzymes were taken up 
rapidly from solution. 

I)esoxyribonucleic acid depolymerase did not act on 
nuclei of living chicken erythrocytes or of living cells of 
Walker Carcinoma No. 256 of the r a t ;  the enzyme acted 
on these cells after they were killed. Lack of effect of 
the enzyme 011 living cells apparently was not because 
of adsorptio~l of the enzyme or antienzyme activity, but, 
may have been because of cell membrane impermeability 
or inability of the enzyme to attack nucleic acid in  the 
state that i t  exists in tlie living cell. 

References 
1. HRACIIET, S!j?nposifi of t h e  Sor.i('t!j for J. flaperimental 

Biology.  I .  Nucleic cccid. Cambridge: University 
Press, 1947. 

2. ~ A Y C l I E S l D E ,  D. G., and HOLRIES,13. Ibid.  
3. NORTFIROP,J. H. J. gen. Physiol . ,  1926, 9 ,  497. 
4. S~oweLr,,R. E. Stcc%n T'echnml.. 1046. 21, 1:37. 


