
Fig. 2. Specimen from Guila Nacquitz 
Cave. near Mitla, Oaxaca. Mexico; lateral 
view, with metepisterum denuded to show 
smooth surface characteristic of Anthono- 
mnous grandi.s thrtberiae. 

ble to plot the geographic distribution 
of A. g. grandis, A. g. thurberiae, and 
the intergrading forms termed inter- 
mnediate. 

Unfortunately no "recent" speci- 
mens of A. g. grandis from the state of 
Oaxaca, Mexico, have been available 
for study, but representatives from the 

nteighboring areas (Veracruz, Guerrero, 
and Chiapas) are of the intermediate 
form. Such intermediates are now con- 
centrated in an area extending from 
southern Baja California and Nayarit 
southward to Costa Rica (3); they do, 
however, extend northward to southern 
Arizona and western Texas and are 
found in the Greater Antilles. Antho- 
nloltis g. grandis is found in the south- 
eastern United States to western Texas, 
southward to the state of Durango, and 
in northern Colombia and Venezuela; 
A,. g. thurberiae is found in southern 
Arizona southward along the east 
coast of the Gulf of California to 
Sinaloa. 

The weevil, which is more than 1000 
years old is an almost perfect, well- 
preserved teneral adult female (4) with 
dustlike particles adhering to various 
sections of the body. The apex of the 

scape and funicle of the left antenna, 
the fifth, sixth, seventh segments, the 
club of the funicle of the right antenna, 
and the third and fourth tarsal seg- 
ments of the right anterior tarsus are 

missing. The elytra are slightly sepa- 
rated, exposing a small part of the 
metathoracic wings. The body is light 
yellowish-brown, and the vestiture is 
of coarse setae which are golden yellow 
dorsally and pale, lighter yellow ven- 
trally and on the legs. The weevil has 
the structural peculiarities of the form 
referred to as intermediate (Fig. 2). 

'Thus, the discovery of this weevil 
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makes it evident that an intermediate 
form lived in a region of Mexico that 
today contains similar intermediate 
forms of the boll weevil. Its associa- 
tion with cultivated cotton of the same 

age is of special significance since re- 
cency of the association of the boll 
weevil with cotton is a matter of con- 
cern to both plant scientists and ento- 

rmologists. 
In 1966, Warner (3) said the inter- 

mediate form existed 100 years ago 
and was not of recent origin. This view 
is confirmed. More recently Fryxell 
and Lukefahr (5) reported finding a 
severe infestation of Anthonomus 
grandis in the male buds of Hampeac 
sp. (6). This flowering tree was ob- 
served to be part of the natural vegeta- 
tion in a number of areas in Veracruz, 
which happens also to be the type 
locality of Anthonomus grandis de- 
scribed by Boheman in 1843 from a 

specimen collected in 1841. The host 
of Boheman's specimen is not known, 
and the species was not reported to 
occur on cotton until 1880. Fryxell and 
Lukefahr thought that the weevil might 
have transferred from Hamnpea to Gos- 
sypitum during the 18th century. How- 
ever, the association of the weevil with 
the cotton in the Guila Nacquitz Cave 

clearly indicates that if Ham pea were 
the weevil's original host, the transfer 
to cotton must have occurred no later 
than A.D. 900. 
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Ribonuclease Activity in 
Commercial Crystalline Trypsin 
and a Method for Removal 

Abstract. Several preparations of 
crystalline trypsin hydrolyze RNA be- 
cause of contaminating ribonuclease 
activity. Filtration of these materials 
through Sephadex G-50 yields a trypsin 
devoid of ribonuclease activity and 

having a proteolytic specific activity 
about 70 percent of the starting ma- 
terial. 

Trypsin has been useful as a proteo- 
lytic enzyme in biological studies of 
structure of subcellular particles (such 
as ribosomes), of the release of frag- 
ments from cell surfaces, and of re- 
lease of cells from glass in tissue culture 
(1). Also, attempts have been made to 
identify certain molecules as proteins 
on the basis of a loss of biological ac- 
tivity after treatment with this enzyme 
(2). 

As a result of examining crystalline 
trypsin for absence of ribonuclease ac- 
tivity before its use as a protease, I 
found that some commercial prepara- 
tions (from a usual source) contained 
enough ribonuclease even at low con- 
centrations of enzyme protein (10 tIg/ 
ml) to degrade RNA extensively to 
acid-soluble fragments. 

Three different preparations were 
sLubjected to this analysis. They were 
labeled with the manufacturer's lot 
numbers. Two (designated here as A 
and B) were also labeled "twice crys- 
tallized." The third (designated here 
as C) was labeled "once crystallized." 
Samples of these preparations were in- 
cubated at 37?C with a preparation of 
fully characterized RNA obtained from 
Ehrlich ascites cells by extraction with 
phenol (3). Generally the orcinol 
method of Dische (4) was applied to 
the supernatants resulting from precip- 
itations with 5 percent trichloroacetic 
acid after incubation with the enzyme 
to determine ribonuclease activity. Of 
the three preparations, the once-crys- 
tallized trypsin was most active in re- 
leasing RNA fragments; but both twice- 
crystallized preparations produced the 
same amount of solubilization after a 
short period of time. Activity toward 
RNA was also measured by the hyper- 
chromic shift at 260 nm produced by 
incubation of RNA with trypsin at 
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with the sample of trypsin which con- 
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Fig. 1. Elution pattern of crystalline tryp- 
sin by gel filtration on Sephadex G-50. 
Void volume was 20 ml with blue dextran. 
Ribonuclease was determined by the orcin- 
ol method, and optical densities were 
recorded at 670 nm; X, 280 nm; 0, 670 
nm (ribonuclease activity). 

tained an amount of activity interme- 
diate between the three samples. At 
a trypsin concentration of 100 .g/ml, 
50 percent of the RNA, incubated at 
a concentration of 1 mg/ml, was solu- 
bilized within 30 minutes. Even at a 
concentration of trypsin of 10 tryg/ml, 
17 perceV t of the RNA was degraded 
in this time. Longer incubations with 
10 o g/ml produced further RNA 
breakdown. 

Since certain experiments require 
that trypsin be entirely devoid of ribo- 
nuclease activity, a procedure was de- 
vised which yields trypsin that contains 
no ribonuclease. The optimum purifil 
cation was obtained with a column (45 
by 1.5 cm) of Sephadex G-50 in 
0.15M NaCl. One milliliter of I mg/ml, was solution 
containing 10 mg of trypsin in 0.15M 
NaCl was filtered at room temwas dperature 
through the column at a flow rate of 
approximately 2 ml in 5 minutes. The 
effluent was collected in 2cu-mba fractions 
immediately after the column was 
loaded. Protein was determined from 
absorbance measurements at 280 nm, 
and ribonuclease activity was assayed. 
In several experiments with different 
trypsin prepartha t o ns, the proteain k 
preceded the peak of ribonuclease ac- 
tivity by four tubes (Fig 1).had The tubes 
containing protein devoid of ribonu- 
clease activity were pooled, dialyzed in 
the cold against distilled water, and 
lyophilized. 

The recovered trypsin was compared 
to the original trypsin with respect to 
hydrolysis of RNA and the protein peak 
azocasein (5), Each sample of trypsin 
was diluted to the same concentration 
of protein as determined by absorption 
at 280 nm. Assays with RNA of the 
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trypsin recovered from the column 
showed a lack of ribonuclease activity. 
Even at 2 hours of incubation when 
the original trypsin solubilized over 60 
percent of the RNA, less than 5 percent 
degradation resulted. The activity of 
the protease was decreased somewhat 
in the process of removal of the con- 
taminant ribonuclease. The rates of 
splitting azocasein were reduced by 30 
percent in one experiment and 40 per- 
cent in a second experiment with a dif- 
ferent trypsin preparation. However, 
the loss in specific activity can be com- 
pensated for by doubling the amount of 
trypsin without introducing significant 
amounts of the contaminant into the 
incubation mixture. 

Trypsin incubated overnight at pH 
8.5 lost most of its tryptic activity, but 
there was no decrease in the ability of 
the solution to hydrolyze RNA. This 
ribonuclease is thus similar to ribonu- 
clease A in that neither enzymatic ac- 
tivity is abolished by incubation with 
trypsin (6). Therefore, if large amounts 
of trypsin of low proteolytic activity 
are used, large quantities of ribonu- 
clease will be introduced into the in- 
cubation mixture. 

Tests of all of the samples of tryp- 
sin for deoxyribonuclease activity by 
the diphenylamine method of Dische 
(4) revealed that this substance was 
not present. 

In view of this finding, certain ob- 
servations in complex biological sys- 
tems and their interpretations which 
are based on the proteolytic activity 
of trypsin may have to be reexamined 
with respect to the possibility that ribo- 
nuclease action contributed significantly 
to the results. 

MARVIN TUNIS* 
Roswell Park Memorial Institute, 
Buffalo, New York 14203 

References and Notes 

1. R. Zak, K. G. Nair, M. Rabinowitz, Nature 
210, 169 (1966); H. Kaji, I. Suzuka, A. Kaji, 
J. Mol. Biol. 18, 219 (1966); L. Weiss and 
D. L. Kapes, Exp. Cell Res. 41, 601 (1966); 
0. A. Edwards and J. Fogh, Cancer Res. 19, 
608 (1959). 

2. M. W. Rytel, R. E. Shope, E. D. Kilbourne, 
J. Exp. Med. 123, 577 (1966). 

3. M. Tunis and H. Weinfeld, Arch. Biochem. Bio- 
phys. 87, 210 (1960). 

4. Z. Dische, in The Nucleic Acids, E. Chargaff 
and J. N. Davidson, Eds. (Academic Press, 
New York, 1955), vol. 1, p. 285. 

5. J. Charney and R. M. Tomarelli, J. Biol. Chem. 
171, 501 (1947). 

6. T. Ooi and H. A. Scheraga, Biochemistry 3, 
641 (1964). 

7. I thank Mrs. Pat O'Connor for technical as- 
sistance. 

trypsin recovered from the column 
showed a lack of ribonuclease activity. 
Even at 2 hours of incubation when 
the original trypsin solubilized over 60 
percent of the RNA, less than 5 percent 
degradation resulted. The activity of 
the protease was decreased somewhat 
in the process of removal of the con- 
taminant ribonuclease. The rates of 
splitting azocasein were reduced by 30 
percent in one experiment and 40 per- 
cent in a second experiment with a dif- 
ferent trypsin preparation. However, 
the loss in specific activity can be com- 
pensated for by doubling the amount of 
trypsin without introducing significant 
amounts of the contaminant into the 
incubation mixture. 

Trypsin incubated overnight at pH 
8.5 lost most of its tryptic activity, but 
there was no decrease in the ability of 
the solution to hydrolyze RNA. This 
ribonuclease is thus similar to ribonu- 
clease A in that neither enzymatic ac- 
tivity is abolished by incubation with 
trypsin (6). Therefore, if large amounts 
of trypsin of low proteolytic activity 
are used, large quantities of ribonu- 
clease will be introduced into the in- 
cubation mixture. 

Tests of all of the samples of tryp- 
sin for deoxyribonuclease activity by 
the diphenylamine method of Dische 
(4) revealed that this substance was 
not present. 

In view of this finding, certain ob- 
servations in complex biological sys- 
tems and their interpretations which 
are based on the proteolytic activity 
of trypsin may have to be reexamined 
with respect to the possibility that ribo- 
nuclease action contributed significantly 
to the results. 

MARVIN TUNIS* 
Roswell Park Memorial Institute, 
Buffalo, New York 14203 

References and Notes 

1. R. Zak, K. G. Nair, M. Rabinowitz, Nature 
210, 169 (1966); H. Kaji, I. Suzuka, A. Kaji, 
J. Mol. Biol. 18, 219 (1966); L. Weiss and 
D. L. Kapes, Exp. Cell Res. 41, 601 (1966); 
0. A. Edwards and J. Fogh, Cancer Res. 19, 
608 (1959). 

2. M. W. Rytel, R. E. Shope, E. D. Kilbourne, 
J. Exp. Med. 123, 577 (1966). 

3. M. Tunis and H. Weinfeld, Arch. Biochem. Bio- 
phys. 87, 210 (1960). 

4. Z. Dische, in The Nucleic Acids, E. Chargaff 
and J. N. Davidson, Eds. (Academic Press, 
New York, 1955), vol. 1, p. 285. 

5. J. Charney and R. M. Tomarelli, J. Biol. Chem. 
171, 501 (1947). 

6. T. Ooi and H. A. Scheraga, Biochemistry 3, 
641 (1964). 

7. I thank Mrs. Pat O'Connor for technical as- 
sistance. 

* Present address: Department of Chemistry, 
State University College at Buffalo, 1300 Elm- 
wood Ave., Buffalo, N.Y. 

23 August 1968 

* Present address: Department of Chemistry, 
State University College at Buffalo, 1300 Elm- 
wood Ave., Buffalo, N.Y. 

23 August 1968 

22 NOVEMBER 1968 22 NOVEMBER 1968 

Diabetes Mellitus: Induction in 

Mice by Encephalomyocarditis Virus 

Abstract. Hyperglycemia and lesions 
of the pancreatic islets of Langerhans 
developed in some, but not all, adult 
mice infected with a variant of 
the encephalomyocarditis virus. Large 
amounts of virus were recovered from 
the pancreas during acute stages of 
infection. At this time blood glucose 
concentrations were markedly elevated 
and the islets of Langerhans exhibited 
focal necrosis and degranulation of 
beta cells. Evidence of abnormal glu- 
cose metabolism persisted for varying 
periods after recovery from the infec- 
tion. The islets of Langerhans of chron- 
ically hyperglycemic mice were dis- 
torted and decreased in size, and the 
beta cells were degranulated. Encepha- 
lomyocarditis virus appears to cause 
diabetes mellitus by reducing the mass 
of functional beta cells of the islets of 
Langerhans. 

Diabetes mellitus can be induced in 
animals with endocrine hormones and 
with chemicals such as alloxan. It oc- 
curs spontaneously in selected lines of 
inbred rodents and in mice fed high 
caloric diets. An infectious etiology has 
never been established, although cases 
have been described in man after 
mumps and in cattle after foot-and- 
mouth disease (1). We report here the 
induction of diabetes mellitus in mice 
with a variant of encephalomyocarditis 
(EMC) virus which causes lesions in the 
islets of Langerhans. 

The source of the M variant of EMC 
has been recorded (2). Pools were pre- 
pared from both myocardial tissue of 
infected mice and cultures of L cells 
inoculated with virus that had been 
purified by plaque selection. Adult male 
mice, free of pathogens (3), were given 
10 to 100 plaque-forming units sub- 
cutaneously and maintained in individ- 
ual cages with Purina mouse chow and 
water freely available. All were tested 
routinely before inoculation to exclude 
glycosuria and hyperglycemia (fasting 
blood glucose > 140 mg/100 ml); glu- 
cose determinations were made on blood 
from the orbital sinus (4). Glucose 
tolerance tests were carried out by 
bleeding animals (fasted for 15 hours) 
at intervals after the intraperitoneal 
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