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rabbits held in the rooms for not less 
than 20 days, 23 mice, 1 guinea pig, 
and all 9 rats tested were positive for 
HI and CF antibody to Sendai virus. 
The chickens and rabbits were nega- 
tive. The infection is apparently being 
maintained by the introduction of un- 
infected mice from mouse breeder 
colonies which in turn become infected 
at a high rate within 1 to 4 weeks. 
Only mice held in filter-topped jars 
(10) were provided with a barrier 
sufficient to prevent infection. 

In a study reported elsewhere (5), 
many of the serums of mice from the 
breeder colonies reported here were 
also tested for antibody to reovirus 
type 3, pneumonia virus of mice, K 
virus, polyoma, Theiler's encephalo- 
myelitis (GDVII), mouse adenovirus, 
and mouse hepatitis. The Sendai virus 
was the fifth most prevalent indigenous 
mouse virus of the eight viruses for 
which we tested, with 6 of 21 col- 
onies examined being found positive. 
Sendai infection differed from other 
indigenous murine virus infections in 
that the mean incidence of infection 
within infected colonies was 76 percent 
(Table 1) whereas the mean incidence 
of each of the other examined murine 
virus infections was less than 50 per- 
cent. 

The results reported here indicate 
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breeder colonies in the United States 
as a widespread enzootic infection. 
The disease is highly prevalent within 
infected colonies and appears to be 
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silkworm moth Hyalophora cecropia 
enters a period of pupal diapa-use which 
commonly lasts for 6 to 10 months. 
Except for the hemocytes and gonads, 
its cells neither divide (1) nor engage 
in DNA synthesis (2) during this pe- 
riod. Even extensive injury does not 
stimulate cell division (1) or DNA syn- 
thesis in tissues not directly involved 
in closing the wound (3). Because 
the metabolic processes associated with 
DNA synthesis and cell division are 
absent, other metabolic changes stand 
out in sharp contrast. 

For example, the diapausing pupa 
is capable of considerable synthesis of 
RNA and protein, and the degree of 
this synthetic activity can be altered by 
several means. If the pupa is wounded 
by removing a portion of the integu- 
ment, its rate of respiration increases 
manyfold (4), and this is accompanied 
by a generalized increase in the rates of 
synthesis of RNA (5) and protein (6, 7). 
Blood proteins, among others, are syn- 
thesized rapidly in injured pu- 
pae (6). 

In the experiments described here, 
cecropia pupae were injured by excising 
the legs. To determine which tissues 
showed an increased synthesis of RNA 
in response to injury, conventional auto- 
radiographic methods were employed 
with the liquid emulsion technique (8). 
Tritiated uridine (10 pc/g wet weight) 
was injected at various times after in- 
jury. Autoradiographs revealed that 
RNA synthesis increased in almost all 
pupal tissues within 24 hours of injury. 
Similar results were obtained with dia- 
pausing pupae of a numnber of species. 
The results of a careful analysis of auto- 
radiographs of 20 diapausing and in- 
julred pupae of the closely related cyn- 
thia moth, Samia cynthia, are sum- 
marized in Table 1. Some humoral 
agent released at the site of injury (9) 
stimulated an increased synthetic activ- 
ity throughout the pupa. Similar studies 
with tritiated thymidine revealed that 
injury caused no general stimulation of 
DNA synthesis in any tissue but the 
hemocytes. 

Increased synthesis of certain blood 
proteins by cecropia pupae was demon- 
strated by electrophoresis on horizontal 
starch gels (10). Blood (10 t1l) was 
taken for electrophoresis from a small 
slit in the wings at the time of the in- 
jury and at intervals thereafter. The 
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Control of Synthesis of RNA and Protein in 

Diapausing and Injured Cecropia Pupae 

Abstract. Injury to diapausing pupae of the cecropia silkworm moth stimulates 
the synthesis of RNA in all pupal tissues and the synthesis of several blood 
proteins; such injury also induces the precocious synthesis of a protein, termled 
"injury protein," which normally appears in the blood during adult development. 
Actinomycin D, injected in concentrations of 2 micrograms per gram of body 
weight, blocks the injury-stimulated increase in blood protein synthesis and the 
injury-induced synthesis of injury protein. However, at concentrations of 0.5 
micrograms per gramn it prevents the induction of injury-protein synthesis but 
does not prevent the increased synthesis of other blood proteins. These results 
suggest that low concentrations of actinomycin may inhibit the synthesis of new 
kinds of messenger RNA but still permit the continued synthesis of messenger 
RNA's already in production at the time the actinomycin is injected. 

Control of Synthesis of RNA and Protein in 

Diapausing and Injured Cecropia Pupae 

Abstract. Injury to diapausing pupae of the cecropia silkworm moth stimulates 
the synthesis of RNA in all pupal tissues and the synthesis of several blood 
proteins; such injury also induces the precocious synthesis of a protein, termled 
"injury protein," which normally appears in the blood during adult development. 
Actinomycin D, injected in concentrations of 2 micrograms per gram of body 
weight, blocks the injury-stimulated increase in blood protein synthesis and the 
injury-induced synthesis of injury protein. However, at concentrations of 0.5 
micrograms per gramn it prevents the induction of injury-protein synthesis but 
does not prevent the increased synthesis of other blood proteins. These results 
suggest that low concentrations of actinomycin may inhibit the synthesis of new 
kinds of messenger RNA but still permit the continued synthesis of messenger 
RNA's already in production at the time the actinomycin is injected. 



About eight pupal blood proteins were 
easily identified on starch with the 
amido-schwartz stain, and six esterases 
were detected with l-naphthyl acetate 
as substrate. In favorable preparations 
more bands were identifiable. By disc 
electrophoresis on acrylamide gels (II), 
a mininum of 11 proteins in diapaus- 
ing pupal blood were separated. 

Starch gel electrophoretic patterns 
revealed that most of the pupal blood 
proteins began to increase in concentra- 
tion within a day of injury. Injury also 
led to the appearance in the blood of a 
protein normally absent from the blood 
of uninjured pupae, hereafter called 
"injury protein." Injury proteins have 
also been detected electrophoretically 
by Laufer (12). The injury protein 
discussed here has the same electro- 
phoretic mobility as a protein which 
normally appears during adult develop- 
ment and appears to be identical with 
it. Thus, by wounding a pupa, one in- 
duces the precocious synthesis of a 
protein which normally appears later 
in development. 

In a starch gel prepared in a 0.03M 
borate buffer (pH 8.6) the injury pro- 
tein migrated toward the negative pole, 
and was the fastest of four negatively- 
migrating esterases. The injury band 
contained relatively little protein in 
comparison with the amount of esterase 
activity, indicating that the esterase ac- 
tivity is not incidental. When a pupa 
was injured by excising the leg region, 
the injury protein first became detect- 
able in the blood 12 hours after the 
injury and increased in amount for at 
least 3 days. In blood samples taken 5 
months after injury, the injury band 
was weak or absent, but reappeared 
when the pupa was again injured. 

To determine whether injury stimu- 
lates synthesis or merely causes the re- 
lease of injury protein, pupae were in- 
jected with puromycin, which inhibits 
protein synthesis apparently by func- 
tioning as an analogue of aminoacyl 
sRNA (soluble RNA) (13). Injection 
of 0.36 mg/g of puromycin at the time 
of injury prevented the appearance of 
injury protein and also the increase in 
concentration of the other blood pro- 
teins. This suggests that injury stimu- 
lates the synthesis of injury protein. 
This was confirmed by injecting injured 
pupae 1 day after injury with 5 ftc (per 
gram live weight) of C1-labeled algal 
protein hydrolysate (1.48 mc/mg); a 
sample of blood was collected from 
each pupa 12 hours after the injection 
13 NOVEMBER 1964 
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Fig. 1. Starch gel electrophoretic patterns showing effect of actinomycin D (0.5 ,ug/g) 
on the injury-induced synthesis of injury protein (stained for esterases). Blood samples 
taken 36 hours after injury. Starch gels prepared in 0.03M borate buffer, pH 8.6, and 
run in 0.3M borate for 2.5 hours at 6 v/cm. A, Injury only; no actinomycin injected. 
B, Actinomycin injected 2 hours before injury. This pattern resembles the pattern of 
uninjured blood except for the increased intensity of the bands. C, Actinomycin in- 
jected at the time of injury. D, Actinomycin injected 2 hours after injury. E, Actino- 
mycin injected 2 hours before second injury to a pupa injured 5 months previously. 

of isotope, and the proteins in 0.1 mln 
of this blood were separated electro- 
phoretically on a starch gel. The gel 
was lightly stained for esterases, and the 
injury band cut out and homogenized 
in 0.6-percent NaCI after repeated 
freezing and thawing. The homogenate 
was dialysed overnight against distilled 
water and was centrifuged, and samples 
of the supernatant fluid were taken for 
counting and for estimation of the pro- 
tein content by the Folin method. The 
results, summarized in row I of Table 
2, revealed that the injury band con- 
tained a heavily labeled protein, indicat- 
ing that injury protein had been syn- 
thesized and not merely released in 
response to the injury. Other proteins 
were also labeled, indicating that they 
too were synthesized in response to 
injury. Data for the slowest of the four 
negatively-migrating esterases (desig- 
nated esterase "--I") are recorded in 
Table 2, row 1. 

The synthesis of a new protein in re- 
sponse to injury led us to investigate 
whether (i) a gene is "turned on" by 
the injury factor to make a new mRNA 
(messenger RNA), or whether (ii) a 
preexisting but inactive mRNA is ac- 
tivated. Pupae were injected at various 

times before and after injury with 0.5 
to 4 Alg/g of actinomycin D, which in- 
hibits DNA-dependent RNA synthesis 
in many systems (14). One hour later, 
10 /c of tritiated uridine was injected. 
Two hours after injection of the iso- 
tope, the insects were fixed and auto- 
radiographs prepared. In uninjured 
diapausing pupae, 0.5 ,ug/g effectively 
blocked RNA synthesis and no labeling 
of the nuclei was detected. 

In injured pupae, 0.5 jig/g of actino- 
mycin suppressed most, but not all, of 
the RNA synthesis and a small amount 
of nuclear labeling was detected in auto- 
radiographs. When 2 or 4 /ug/g of 
actinomycin was injected into pupae 2 
hours before injury, no injury protein 
was formed and there was no increase 
in the concentration of other blood pro- 
teins during the 8 to 10 days these 
pupae survived. Injection of I /tg/g 
2 hours before injury prevented both 
the synthesis of injury protein and the 
stimulation of synthesis of other blood 
proteins for 7 days. On the 8th day one 
of three pupae began to synthesize 
other blood proteins (but not injury 
protein) at an increased rate. 

Pupae which received 0.5 /ug/g of 
actinomycin behaved differently. When 
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Table 1. Effect of injury to 
the incorporation of tritiat? 
were killed 2 hours after re 
this short period, labeling 
was restricted to the nuc 
pupae some of the isotope 
plasm as well. The data ar 
grain density. Each "--" 
mately 15 grains/100 t '; " 
number of cells taking up 
100 p2. 

Tissue 

Epidermis 
Trachea 

Hemocytcs 
Fat body (general) 
Perigonadal fat body 
Ventral muscle 
Hcart 
Pericardial cells 

Neirve 

Oenocytes 
Oviduct 

IBecause hemocytes are A 
crease in ntimnber in respon 
cult to determine the effect 
of uridine incorporation. 

injected at the time o 

or 2 hourrs before inji 

injury protein did n 

blood, even in sampl 
after the woutnd we 

group of pupae were 

jury 8 days after the i 

nomycin and the init 

samples taken 2 days 
injury contained nc 

showing that the syn 
tein was still blocked. 
0.5 jug/g of actinomn 

Table 2. Effect of actinoon 
poration of Cn4-labeled aI 
proteins of injured cecr( 
were counted to a prese 
Packard Tricarb scintilla 
scintillation fluid made ul 
anisole, 12.5 nml; dimeth4 
2,5-diphenyloxazole, 0.7 
phenyl-2-oxazolyl) benzen 
sults are expressed as av 
tions -made in duplicate o 

Injury protei 
Presence (count/nin 
of injury 

band Per 
before Total /g 
injury pro 

tein 

No actitlnomyc 
Absent 76 19 

Pupae injected with act 
Absent 0 0 

Faint 19 4.5 

*' All samples of injury pro 
4 /.g of protein. 
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diapausing pupae on tcred 2 hours after wounding, injury 
d uridine. The insects 

protein appeared within 18 hours and 
ceiving isotope. After 

in uninjured pupae was in high concentration at 36 hours 
:leus, but in injured (Fig. id). When 0.5 /Ag/g of actino- 
appeared in the cyto- 
e based upon average mycin was injected into a pupa which 
' 

represents approxi- already had somie injury protein in its 

=i" indicates variable blooc (for example, fronm an injury re- 
less than 15 grains/ 

ceived some months earlier), and the 

pulpa was wounded 2 hours later, the 

Before hours amount of injury protein in the blood 
injury after increased (Fig. le). When C4-labeled 

in"jry algal protein hydrolysate was injected 
+ +++ into actinomycin-treated injured pupae 
=? - +-+ - that had no injury protein in their blood 

J++ at the time of actinomycin injection, 
+ ++ then no labeled or unlabeled protein 
+ +?l was detected in the starch gels at the 
+ ++ 
q- + pposition corresponding to the wound 

--+ + -- hband. However, when the same experi- 

4 I++ niment was repeated on an actinomycin- 
+ -+ treated pupa which had some injury 
- + protein in its blood, then injury stinmu- 

ntobile cells which in- lated the further synthesis of this injury 
se to injury, it is diffi- protein (Table 2, rows 2 and 3). At 
ol' injury on their rate 

this concentration of actinomycin, in- 

jured pupae were able to increase the 
rate of synthesis of proteins that they 

f injury (Fig. 1c) had been making, but were tunable to 

ury (Fig. 1b), the synthesize a new protein. One explana- 

ot appear in the tion of these results is that mRNA's 

[es taken 2 weeks which were being made at the time of 

is inflicted. Onle actinomycin treatment continued to be 

given a second in- made at an increased rate, but a1 new 

njection with acti- kind of mRNA was not. 

tial injury. Blood The inhibitory action of actinomycin 

s after the second provided us with an opportunity to de- 

> injury protein, termine where the injury protein is 

thesis of this pro- made. Pupae were injected with 0.5 

In contrast, when tSg/g of actinomycin D to inhibit the 

ycin was adminis- synthesis of injury protein. Into such 

pupae, blood-free tissu-es of previously 
injured pupae were implanted, and 

nycin D on the incor- blood samples were taken at intervals 
nine acids into blood and checked for injury protein. This 
opia pupae. Samples 
et cout of lO in al experilment revealed that the hemocytes 
ition counter, with a of ilnjured pupae ae sone source of in- 
p of dioxane, 75 ml; jury protein, and that these hemocytes 
oxy ethane, 12.5 ml 

g; and 1,4-di(5- synthesize and release injury protein 
e, 50 mg (15). Re- into the blood of actinomycin-treated 
rerages of determina- hosts, presumably using the 'mRNA ofi mn each of two pupae. 

......-- . .the injulry protein- which they had made 

)n Esteraser- before they were exposed to the actino- 
(count/min) 

n-mycin in the blood of the host. 
Per We conclude fromn these experiments 

T otal Ipr- that (i) all pupal tissues are affected 

?" tein : by the injury factor, and (ii) the injury 

-in/ injecitedl factor induces in blood cells and per- 
38 5.5 haps in some otherl tissues the synthesis 

of a new mlRNA fori injury protein, 
inomycin (0.5 #g/g) 

andl also increases the rate of synthesis 
5 11 2.7 of other mRNA's, some of which are 

- ----- - - - -- involved in the increased rate of syn- )tein con ltaineid leiss thaA pos /hesis of blood proteins. A possible 

explanation of the results is that at 

appropriate concentrations of actino- 

iycin, the synthesis of new kinds of 
mRNA is blocked, but the pupa con- 
tinues to synthesize and increase the 
rate of synthesis of other kinds of 

m-RNA wh'ich were being made at the 
time of application of actinomycin. 
Apparently in this system an inactive 

gene is tmore sensitive to actinom-ycin 
than are certain active genes. Quite 
apart from this hypothesis, the fact re- 
mains that in our experimernts actino- 
mycin D prevented the synthesis of one 

protein but not others. It may prove 
worth while for students of development 
to examline not only the effects of block- 

ing tnuclear RNA synthesis completely 
with l actinomycin, but also the effects 
of s-ubthreshold concenitrations of acti- 

nomycin on the rates of synthesis of a 
series of proteins in developing organ- 
isms. The synthesis of soLme proteins 
[lmay be affected more than others, en- 

abling the experimenter to alter the 

protein composition of cells and tis- 
suies. 
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