were supplied through the root system,
for rapid growth.

Our results seem to indicate that the
principal source of Pb210, and thus of
Po210, in tobacco is the soil and that
its nuclides are absorbed by the plant
roots. This finding differs from that re-
ported by Berger et al. (7), but is in
agreement with Marsden’s conclusion
(8) that the contribution of Po from
fallout to the total activity of the plant
is minor compared to the Po absorbed
from the soil by the roots. However,
other factors may also contribute to the
final concentration of Po20 in tobacco.
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Pancreatic Carboxypeptidases:
Activities in Zinc-Deficient Rats

Abstract. Zinc deficiency in rats
caused decrease in the activity of pan-
creatic carboxypeptidase A, but it had
no effect on pancreatic carboxypepti-
dase B and liver alcohol dehydrogen-
ase. The observed reduction of enzymic
activity may be related to the poor
utilization of feed that occurs in zinc-
deficient rats.

Zinc is essential in animal nutrition
primarily because of its participation
in the structure of several enzymes.
The effect of zinc deficiency upon zinc
metalloenzymes, however, has not been
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Table 1. Activities of pancreatic carboxypeptidases and hepatic alcohol dehydrogenase in zinc-
deficient and zinc-supplemented rats. Results are expressed as means = standard error of the
mean. Numbers in parentheses are the numbers of rats used. Activities of the pancreatic
carboxypeptidases are expressed as the change in optical density per minute per milligram of
protein; the activity of hepatic alcohol dehydrogenase as micromoles of NAD reduced per

minute per milligram of protein.

Enzyme

Zinc-deficient

Zinc-supplemented
rats rats

Pancreatic carboxypeptidase A
Assay 1

Assay 2

0.057 == 0.004 (3)
042 = .004 (4)

0.097 %= 0.004* (3)
.057 = .0031 (4)

Pancreatic carboxypeptidase B 277+ .10 (5) 248 = 031 (5)
Hepatic alcohol dehydrogenase A1 = .01 (3) 10 = .00 (3)
#P <001, FP<0.05.

established. Earlier observations by (l1:1), and finally with 20 ml of

Hove et al. (1) indicated that zinc de-
ficiency in rats decreased activity of
intestinal phosphatase but had no ef-
fect on bone phosphatase. Day and Mc-
Collum (2) reported that the activity
of carbonic anhydrase per unit of eryth-
rocytes in zinc-deficient rats was un-
changed from that of normal animals.
This report presents the results of a
study on the activity of pancreatic car-
boxypeptidase in zinc-deficient rats; the
effect of zinc on the activity of liver
alcohol dehydrogenase is also recorded.

Three- to four-week-old male rats
(52 to 70 g) from our own colony
were randomly divided into two groups.
The first group received a diet low in
zinc, essentially as employed by Miller
and associates (3), except that the per-
centages of egg albumin and casein
hydrolyzate were reversed. The second
group received the same zinc-low diet
with a daily supplementation of 150
pg of zinc as zinc sulfate. All rats
were housed in individual plastic cages,
with pyrex feed cup and polyethylene
drinking bottle; feed and deionized
water were freely available. After feed-
ing for 103 days, the rats were an-
esthetized with sodium pentobarbital
and exsanguinated through the abdom-
inal aorta. The pancreatic glands were
excised quickly, cleaned, weighed, and
stored at —20°C until they were as-
sayed.

For preparation of acetone powders
of the pancreas, frozen glands were
broken into several pieces and blended
in a Waring blendor with ice-cold ace-
tone (50 ml/g). Homogenization was
continued for 1 minute at full speed.
The resulting suspension was filtered
on a Buchner funnel with Whatman
filter paper No. 2. Residue removed
from the filter paper was reextracted
successively, by hand, in a Potter-
Elvehjem glass homogenizer, first with
20 ml of acetone, next with 20 ml
of a mixture of acetone and ether

ether. The defatted tissue was dried
to a constant weight at room tempera-
ture and stored in a desiccator at
4°C overnight.

Dried acetone powders were ex-
tracted with cold distilled water (50
ml per gram of powder) for 15 min-
utes with gentle stirring at 4°C. The
suspension was centrifuged in a re-
frigerated centrifuge for 10 minutes at
3000 rev/min. A portion of super-
natant fluid was added to trypsin-tris
buffer solution (pH 7.65) for activa-
tion which was completed in 30 min-
utes at room temperature. The trypsin-
treated extract was subsequently used
for enzyme assay. Activities of carboxy-
peptidase A and carboxypeptidase
B were determined according to the
outlined method of Folk and Schirmer
(4) and Folk et al. (5), respectively.
The rates of hydrolysis of hippuryl-L-
phenylalanine and hippuryl-L-arginine
were measured by the increase in ab-
sorbancy at 254 my at 25°C in a ther-
mostated Beckman DU spectrophotom-
eter. Activity is expressed as change
in absorbance per minute per milli-
gram of protein.

For the assay of liver alcohol de-
hydrogenase the method of Racker
(6) as modified by Vallee and Hock
(7) was used. One unit of activity is
defined as one micromole of nicotina-
mide-adenine dinucleotide (NAD) re-
duced per minute per milligram of pro-
tein. Protein was estimated according
to the method of Lowry, Rosebrough,
Farr, and Randall (8).

The mean gain in body weight over
103 days was 57 g for the rats receiv-
ing a diet poor in zinc and 265 g for
those on a diet with adequate zinc.
In addition to the depression of growth,
external symptoms of zinc deficiency
were noted as early as the 3rd week
of experimental feeding. These symp-
toms included graying of black hair,
alopecia, and scabby skin lesions. The

SCIENCE, VOL. 153



results of enzyme studies summarized
in Table 1 indicate that activity of
pancreatic carboxypeptidase A of zinc-
deficient rats was consistently lower
than that of rats that had been fed
zinc. However, zinc deficiency did not
alter the activities of pancreatic car-
boxypeptidase B and liver alcohol de-
hydrogenase.

The different responses in the ob-
served enzymic activities by zinc-de-
ficient animals are of particular inter-
est. It is known that zinc is a func-
tional component of carboxypeptidase.
The nature of the binding of zinc to
carboxypeptidase A appears to be dif-
ferent from that of binding to car-
boxypeptidase B (9, 10). According
to Vallee and Coombs (11), zinc is
bound strongly in alcohol dehydro-
genase. Thus it is possible that in die-
tary deprivation of zinc the activities
of each of the zinc metalloenzymes may
be affected differently.

Nevertheless, the reduction of the
specific enzyme, carboxypeptidase A,
in zinc-deficient rats suggests that zinc
deficiency may decrease proteolysis
within the intestinal tract and result
in poor utilization of feed. This pos-
sibility is supported by the observation
of Stirn et al. (12) which indicates
that the zinc-deficient animals require
52 percent more ration to gain 1 g
of body weight.

JENG M. Hsu

Department of Biochemistry,
Johns Hopkins University, and
Biochemistry Research Laboratory,
Veterans Administration Hospital,
Baltimore, Maryland 21218

JANET K. ANILANE

Davip E. SCANLAN
Department of Biochemistry,
Johns Hopkins University

References and Notes

1. E. Hove, C. A. Elvehjem, E. B. Hart, J. Biol.
Chem. 134, 425 (1940).
2. H. G. Day and E. V. McCollum, Proc. Soc.
Exp. Biol. Med. 45, 282 (1940).
3. M. J. Millar, M. 1. Fischer, P. V. Elcoate,
C. A. Mawson, Can. J. Biochem. Physiol.
36, 557 (1958).
. J. E. Folk and E. W. Schirmer, J. Biol.
Chem. 238, 3884 (1963).
. J. E. Folk, K. A. Piez, W. R. Carroll, J. A.
Gladner, ibid. 235, 2272 (1962).
. E. Racker, ibid. 184, 313 (1950).
. B. L. Vallee and F. L. Hoch, ibid. 225, 185
(1957).
O. H. Lowry, N. J. Rosebrough, A. L. Farr,
R. J. Randall, ibid. 193, 265 (1951).
. B. L. Vallee, J. A. Rupley, T. L. Coombs,
H. J. Neurath, ibid. 235, 64 (1960).
10. J. E. Folk and J. A. Gladner,
Biophys. Acta 48, 139 (1961).

11. B. L. Vallee and T. L. Coombs, J. Biol.
Chem. 234, 2615 (1959).

12. F. E. Stirn, C. A. Elvehjem, E. B. Hart,
ibid. 109, 347 (1935).

13. Supported in part by Air Force contract No.
AF 49(638)-1338.

12 May 1966

© ® Ne wn &

Biochim.

19 AUGUST 1966

Cylindrical Inclusions in the Cytoplasm
of Leaf Cells Infected with Tobacco Etch Virus

Abstract. Combined tracings from electron micrographs of serial sections of
leaf tissue infected with tobacco etch virus show that one type of cytoplasmic
inclusion, when sectioned in different planes, can produce configurations which
have been interpreted as being two distinct types of inclusion bodies.

Electron micrographs of sections of
plant tissue infected with certain flexu-
ous rod viruses characteristically ex-
hibit cytoplasmic inclusions of the pin-
wheel and bundle types, as shown in
a portion of a parenchyma cell of to-
bacco leaf infected with tobacco etch
virus (Fig. 1). Inclusions very similar
to these have been described in various
host tissues infected with tulip mosaic
(1), turnip mosaic (2), tobacco etch
(3, 4, 5), wheat streak mosaic (6),
bean yellow mosaic (5, 7), watermelon
mosaic, lettuce mosaic, bean common
mosaic, potato Y, or sugarcane mo-
saic viruses (5). These inclusions have
been variously interpreted as distinct
types of inclusion bodies (2, 3, 6) or
the same structure viewed from differ-
ent angles (I, 4, 8).

Recently (5) these pinwheels and
bundles have been considered as dif-
ferent aspects of a single type of in-
clusion, which was assumed to be cylin-
drical in shape and composed of curved
plates with their inner edges converg-
ing around the central axis of the cylin-
der. Outer edges of the plates were as-
sumed to diverge to form the boundary
of the cylinder. Pinwheels would
arise from cross sections of the hypo-
thetical cylindrical inclusion, and longi-
tudinal sections of the inclusion would
show bundles.

Electron micrographs used in this
study were obtained from portions of
tobacco leaf that had been fixed in 6.5
percent phosphate-buffered glutaralde-
hyde for 17 hours, fixed again in 1 per-
cent OsOy for 3 hours, and embedded

Fig. 1. Portions of leaf cells from tobacco infected with tobacco etch virus, which

contain pinwheel (PW), bundle (B) inclusions, and laminated aggregates (LA).
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