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which is a chlorine-deficient analogue of W-7 which only 
weakly interacts with calmodulin 21, did not inhibit the 
TPA-stimulated 2DG uptake at concentrations up to 
100 gM. Prenylamine, a N-diphenylpropyl derivative of 
amphetamine, which was reported to antagonize calmodu- 
lin 22, also inhibited 2DG uptake stimulated by TPA. IC50 of 
prenylamine was about 25 gM (decrease in 2DG uptake: 
10_+2.2 pmoles/mg protein/rain; n = 3 ;  p < 0.05). These 
inhibitory effects of calmodulin antagonists on TPA-stimu- 
lated 2DG uptake correlate well with the ICs0-values for 
inhibition of Ca2+-dependent phosphodiesterase activity 
reported previously ~,21. 
To analyze the effect of TPA and calmodulin antagonists 
on hexose transport, kinetic studies were carried out. Line- 
weaver-Burk plots of the initial rates of 2DG uptake in the 
presence or absence of TPA are shown in the figure, A. 
Chick embryo fibroblasts treated with TPA had significant- 
ly decreased K m for 2DG transport compared to controls 
(1.43_+0.02 vs 2.77+_0.25 mM; n = 4 ;  p<0.01),  but the 
Vmax-values were not significantly different (22.7+_ 0.24 vs 
23.5_+ 1.4 nmoles/mg protein/min). Thus, in chick embryo 
fibroblasts, TPA stimulates hexose transport by changing 
the affinity for the substrate, but not by affecting the 
number of hexose functional carriers. This is different from 
the properties in virus-transformed chick embryo fibro- 
blasts in which Vma x is increaed without change of Km 23. 
For analysis of the kinetics of the inhibitory action of 
calmodulin antagonists on TPA-stimulated 2DG uptake, 
W-7 was selected as a reliable antagonist because among 
calmodulin antagonists only W-7 was proved to penetrate 
through cell membrane and be distributed in cytoplasm 21. 
The figure B shows Lineweaver-Burk plots of the initial 
rates of TPA-stimulated hexose transport in the presence or 
absence of W-7. In TPA-treated fibroblasts, W-7 signifi- 
cantly increased Kin compared to control (1.91+_0.13 vs 
1.43_+0.02 mM; n = 4 ;  p<0.01)  without affecting Vma x 
(23.4+_ 1.0 vs 22.7+_ 0.24 nmoles/mg protein/min). In other 
words, a calmodulin antagonist W-7 reversed the decreased 
K m induced by TPA. Therefore, W-7 may specifically affect 
the mechanism through which TPA induces the stimulation 
of hexose transport. 
From the results obtained in this study, we suggest that the 
effect of TPA on hexose transport in chick embryo fibro- 
blasts may be mediated by Ca 2+-calmodulin system. 
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Summary. Eggs of B. mori were exposed to X-ray irradiation at different times after laying, and the changes in fertilization, 
hatchability and mortality of the eggs were observed. Percentage of fertilization and hatchability increased with increasing 
age of the egg. Statistical analyses of the data show that the observed changes are age-dependent. 

Insects, particularly silkworms, have been considered to be 
good tools for observation of genetic and nongenetic effects 
of ionizing radiations ~,2. Several workers have exposed the 
eggs and larvae of the silkworm to varying doses of X-ray, 
y-ray and UV-irradiations to obtain a dominant mutant as 
well as to demonstrate the radio-sensitivity of different 
stages of the silkworm 3 6. Eggs of the silkworm Bombyx 
mori (Indian race) were exposed to different doses of X-ray 
irradiation for mutation studies and the present paper 
reports the observations made on the effect of X-ray 

irradiation on the eggs of the silkworm, at various stages of 
development. 
Materials and methods. The silkworm chosen for the pre- 
sent study was an Indian race, Pure Mysore. Layings were 
prepared on egg cards from the freshly emerged healthy 
moths. Disease free layings of 1-, 3-, 6-, 9-, 12- and 24-h-old 
eggs were chosen for irradiation studies. The eggs laid by 
the moth during the first hour from the initiation of egg 
laying were described as 1-h-old, and the age of the eggs 
was determined similarly in other cases. In fact, 1- and 3-h- 
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Table 1. Effects of X-ray irradiation on fertilization, hatchability and mortality of the developing eggs ofB. mori 

X-ray dose Age of egg Eggs exposed Fertilized* Hatched** Killed** 
(R) (h) (numbe~ (%) (%) (%) 

1000 1 2890 2 0 100 
3 2962 36 16 84 
6 3531 75 20 80 
9 3540 80 32 68 

12 3412 97 61 39 
24 3879 97 88 12 

1500 1 1690 3 0 100 
3 3079 23 0 100 
6 3051 64 6 94 
9 3238 88 40 60 

12 3220 90 72 28 
24 4021 98 93 7 

2000 l 2740 8 0 100 
3 3411 43 3 97 
6 2969 59 7 93 
9 3840 81 27 73 

12 3322 80 38 62 
24 3620 98 83 17 

2500 1 2110 6 0 100 
3 3105 42 9 91 
6 3202 54 16 84 
9 3133 68 19 81 

12 3196 77 44 56 
24 3871 96 82 18 

3000 1 2250 3 0 100 
3 3072 25 3 97 
6 3992 46 9 91 
9 377l 90 9 91 

12 3930 95 36 64 
24 4001 98 83 17 

*Represented as percent of total eggs. ** Represented as percent of fertilized eggs. 

Table 2. Analysis of variance for percentage of fertilization (A), 
hatchability (B) and mortality (C) of eggs of B.mori. The 
variance was calculated considering the age of the egg and dose 
of X-ray exposure 

Source of variation SS df MS F 

A 

B 

Total 30397 29 
Between age of egg 28583 5 5716 69.7 p 0.0005* 
Between X-ray dose 174 4 435 0.53 p 0.5** 
Remainder 1640 20 82 

Total 27727 29 
Between age of egg 25353 5 5070 65.94 p 0.0005* 
Between X-ray dose 836 4 209 2.72 p 0.5** 
Remainder 1538 20 76 

Total 31333 29 
Between age of egg 26726 5 5345 14.03 p 0.0005* 
Between X-ray dose 2368 4 592 1.5 p 0.5** 
Remainder 7639 20 381 

*Highly significant. **Not significant. 

old layings did not  have the m a x i m u m  n u m b e r  of  eggs 
since the egg cards were r em oved  before  the moths  com- 
pleted egg laying. T he  eggs were exposed to the fol lowing 
doses of  X-ray i r radia t ions:  1000, 1500, 2000, 2500 and  
3000 R. 50 layings o f  1-h-old eggs were p repa red  and  10 
layings were exposed to each  dose o f  t rea tment .  Equa l  
number s  of  layings were p repa red  with eggs of  o ther  age 
groups, and  t rea ted  in a s imi lar  way. Immedia t e ly  af ter  
i r radia t ion  the layings were incuba ted  and  deve lopmen t  
and  ha tch ing  were observed.  Da t a  ob ta ined  were subjected 
to a test for the analysis o f  var iance  7. 
Results. Fert i l ized and  unfer t i l ized eggs were ident i f ied in 
each laying exposed to d i f fe rent  doses of  t rea tment ,  and  the 

percentage o f  these eggs was calculated.  Unfer t i l ized eggs 
r emained  pale yellow in color t h roughou t  the incuba t ion  
period,  and  the ferti l ized eggs a t ta ined  the blue egg stage 
prior  to hatching.  O f  the fert i l ized eggs, some did not  hatch,  
and  these were cons idered  as 'eggs ki l led '  due to i r radia t ion  
and  the percentage of  mor ta l i ty  was calculated re la t ing it to 
the ferti l ized eggs. 
Table  1 presents  data  on  the n u m b e r  of  eggs (different  
ages) exposed to 1000, 1500, 2000, 2500 and  3000 R X-ray 
i r radia t ion  and  the percentage  of  eggs fertilized, ha tched  
and  killed. Irrespect ive of  the dose of  X-rays,  only abou t  4% 
of  1-h-old eggs were ferti l ized; while  abou t  97% of  the eggs 
were ferti l ized in 24-h-old eggs. Fer t i l iza t ion  percentages  of  
the o ther  age groups lie be tween  these 2 values. The  t rend 
ob ta ined  on  the effect of  X-ray i r rad ia t ion  on  ha tch ing  is 
s imilar  to the  one ob ta ined  for fert i l ization.  1-h-old eggs 
fai led to ha tch  after  any  of  the X-ray  t rea tments  tested. 
Ha tch ing  percentage  was very low in the early deve lopmen-  
tal stage and  it increased with the increas ing age of  the egg. 
M a x i m u m  ha tch ing  of  abou t  85% was observed  in 24-h-old 
eggs exposed to di f ferent  doses o f  X-ray  t rea tment .  It is 
clear f rom the table that  morta l i ty  was a lmost  100% in the 
case of  1-h-old eggs and  it decreased wi th  increas ing age of  
the egg. The  m i n i m u m  morta l i ty  o f  abou t  11% was ob- 
served in the 24-h-old eggs. 
Fur ther ,  to f ind  out  the most  po ten t  factor  for the changes 
in the developing  eggs of  B. mori, data  ob ta ined  on  the 
effects of  i r radia t ion  on  the percen tage  of  ferti l ization, 
hatchabi l i ty  and  mor ta l i ty  of  eggs o f  d i f ferent  ages were 
subjected to an analysis-of-var iance test. The  analysis 
revealed that  the observed  differences  in the effects on the 
developing eggs are signif icantly d e p e n d a n t  on  the age of  
the egg (p < 0.0005; table  2). 
Discussion. The  degree of  radio-sensi t ivi ty  of  insect  eggs is 
d e p e n d a n t  u p o n  the stage and  rate of  deve lopemen t  ~. The  
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high sensitivity of the eggs to X-rays has been correlated to 
the high mitotic activity of the developing eggs 8. Freshly 
laid eggs of B. mori have only yolk, and the sperm received 
from the mate moth through the micropyle. The egg 
completes the maturation division, the sperm and egg 
nuclei unite and the egg is fertilized. The whole process is 
accomplished in about 3.5-4.5 h after egg deposition 9. After 
fertilization the cleavage nucleus undergoes active repeated 
division and within 24 h the germ band appears in the 
blastoderm and the embryo develops. It is therefore clear 
that the mitotic activity in the silkworm egg is at a higher 
rate during the early phase of development; the highest 
percentage of lethal effects (low fertilization, low hatch- 
ability and high mortality) of X-ray irradiation observed in 
the present study on 1- and 3-h-old eggs of B. mori can be 
easily correlated with this fact. 
The low fertilization percentage and 100% mortality of the 
fertilized eggs observed in 1-h-old eggs are due to the 
interference of X-rays with the developing eggs of B. mori. 
Kobayashi 6 has shown that in B. mori the germ band 
formed at the irradiated region shows perforations and is 
irregular in shape. It is said that the process of fertilization 
must normally be completed within a period of 3.5-4.5 h 
after egg deposition. However, in the present study, a 
certain percentage of eggs is fertilized in 3-h-old eggs and a 
certain percentage of eggs is not fertilized even in 6-9-h-old 
eggs exposed to varying X-ray treatments. Astaurov 9 

showed that the maturation division of some eggs of B. mori 
prior to fertilization may be accelerated or delayed. It is not 
known whether this explains the above observation. 
However, the lethal effects of X-rays decreased with in- 
creasing age of the egg. Working on the effects of X-ray 
irradiation on the developing eggs of Manduca sexta, Ely 
and Jungreis 4 demonstrated 100% mortality in 96-h-old 
eggs; they exposed the eggs to higher dose (40,000-50,000 
R) treatment. The doses of X-ray irradiation used in the 
present study were not sufficient to inflict any major 
damage on 12-24-h-old eggs. 
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Summary. Metaphase chromosomes of Chiropodomys gliroides (2n = 42) were studied by G- and C-banding. One arm of 
both pairs of biarmed autosomes and the Y-chromosome is totally heterochromatic. Most of the other autosomes and the 
X-chromosome have large pericentromeric C-bands. 

Additions of heterochromatin and pericentric inversions 
have been suggested to be the principal mechanisms in- 
volved in the evolution of the karyotypes of the New World 
rodent genera Peromyscus, Onychomys and Baiomys 2,3. The 
phenomenon of heterochromatin addition has not been 
reported in the Old World murid rodent genera Mus and 
Rattus 4-6. The present report concerns the presence of 
heterochromatic blocks in the karyotype of an Old World 
murid rodent, Chiropodomys gliroides (Blyth). 
Chiropodomys Peters, 1868 is considered to be one of the 
most primitive murid genera, making the transition be- 
tween the Lenothrix and the Parapodemus groups 7. It is 
probably closely related to Vernaya, Vandeleuria and Mi- 
cromys. The species C. gliroides is a relict form which occurs 
from north-eastern India, Burma and southern China, 
southwards to Sumatra, Java and Borneo. The mitotic and 
meiotic chromosomes of C. gliroides have been previously 
described s. That report, however, did not include G- and 
C-banding. 
Recently a male and 2 female specimens of C.gliroides 
collected from Peninsular Malaysia were available for 
study. Bone-marrow preparations and G- and C-bandings 
were performed by conventional methods. 
The karyotype of the present material is identical to that 
reported previously - 18 pairs acrocentric, 1 pair metacen- 
tric and 1 pair submetacentric autosomes (m and sm, 

respectively, in the figures), metacentric X and submetacen- 
tric Y sex chromosomes. Figures 1 and 2 illustrate the G- 
and C-banding patterns respectively. 
In both the G- and C-banded metaphase plates, one arm of 
the metacentric and the short arm of the submetacentric 
autosomes are wholly heterochromatic. Likewise, the 
Y-chromosome is entirely heterochromatic. Most of the 
other autosomes and the X-chromosome have large peri- 
centromeric C-bands. The X-chromosome also possesses a 
terminal C-band block on the arm with a pericentromeric 
C-band. 
The occurrence of whole-arm heterochromatin blocks in 
both the biarmed autosomes, the presence of large pericen- 
tromeric heterochromatin in most autosomes and the com- 
pletely heterochromatic Y-chromosome of C. gliroides are 
very similar to the situation reported for the closely-related 
genus Mieromys 9. This phenomenon of large heterochro- 
matin blocks in the autosomes is, however, not found in the 
other closely-related genus Vandeleuria 1~ 
It is evident from comparison between the karyotypes of 
C.gliroides, Vandeleuria oleracea and Mieromys minutus 
that different mechanisms were involved in the karyologi- 
cal evolution of these closely-related murid genera. In the 
case of Chiropodomys and Micromys, the addition of 
heterochromatin plays an important role, as is the case in 
some New World rodent genera 2,3. 


