
using the opaque-2 values as numera- 
tors and the normal values as denom- 
inators. The ratios follow. Lysine: acid- 
soluble, 3.2; zein, 3.0; glutelin, 1.0. 
Histidine: acid-soluble, 3.4; zein, 1.2; 
glutelin, 0.9. Arginine: acid-soluble, 
2.3; zein, 1.2; glutelin, 1.1. Amide 
ammonia: acid-soluble, 0.6; zein, 1.8; 
glutelin, 0.9. 

These data suggest that the acid- 
soluble and zein fractions are quite un- 
like those of the normal endosperms, 
whereas the glutelin fractions of the 
two endosperms are similar with re- 
spect to the basic amino acids and 
amide ammonia. On the basis of these 
preliminary findings, the increased con- 
tent of lysine in the opaque-2 endo- 
sperm can be attributed to three fac- 
tors: (i) increased lysine in the acid- 
soluble fraction, (ii) increased lysine 
in the zein fraction, and (iii) reduction 
in the ratio of zein to glutelin. 

The zein fraction of opaque-2 endo- 
sperm contained 0.9 g of lysine per 100 
g of protein (N X 6.25), which is more 
than ten times the amount (0.08 g) 
found in a composite of zein fractions 
from U.S. and Guatemalan endosperms 
(4), and three times the amount found 
in the normal endosperms from the 
same ear. This finding, together with 
the 1.8-fold increase in amide am- 
monia (probably from glutamine) sup- 
ports the conclusion that opaque-2 
endosperm contains a type of zein that 
is chemically, and perhaps physically, 
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There is an increased activity of 
nicotinamide adenine dinucleotidase in 
organs of tuberculous mice with a con- 
comitant reduction in nicotinamide ade- 
nine dinucleotide concentration (1). 
These biochemical changes could be 
elicited by administration of a lipid 
fraction derived from the tubercle ba- 
cilli (cord factor), and the toxicity of 
this factor could be alleviated by ad- 
ministration of nicotinamide (2). Fur- 
thermore during the tuberculous infec- 
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unlike any described heretofore. Com- 
plete amino acid analysis of the copper 
fractions will be published later. 

This is the first demonstration of a 
radical change in the protein composi- 
tion of maize endosperm, and is caused 
by a single mutant gene. In addition 
to its possible usefulness in studies on 
protein synthesis, the opaque-2 gene 
should permit the development of com- 
mercial strains of corn with much 
higher lysine contents. The value of 
such corn in human and animal nutri- 
tion has been emphasized in previous 
publications (4, 7). 
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tion in mice, soluble dinucleotidase can 
be detected in their livers and lungs. 
On the basis of this observation, the 
enzyme in its soluble form was as- 
sumed to come into contact with nico- 
tinamide adenine dinucleotide of the cy- 
toplasm and mitochondria and cause 
its splitting (3). 

In the guinea pig, an animal ex- 
tremely sensitive to infection with tu- 
bercle bacilli, the activity of the en- 
zyme is dramatically increased during 
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the infection, whereas in the tubercu- 
lous mouse, an animal relatively resist- 
ant to infection with tubercle bacilli, 
such is not the case (4). The activity 
of the enzyme of liver microsomes 
of infected guinea pigs increases 36- 
fold while that of liver microsomes of 
the infected mice is elevated twofold, 
compared with liver microsomes from 
normal animals (3, 4). 

This report deals with the nicotina- 
mide adenine dinucleotidase activity of 
polymorphonuclear leukocytes, mono- 
cytes, and lymphoid cells from tuber- 
culous and normal guinea pigs, strain 
C57 black mice, and albino mice. 

Albino mice and the C57 strain of 
black mice, weighing about 20 g, and 
guinea pigs with an average weight of 
400 g, were used as the source of 
peritoneal polymorphonuclear leuko- 
cytes and monocytes, as well as of 
lymphoid cells from mesenteric and 
tracheobronchial lymph nodes. 

Guinea pigs were infected by intra- 
muscular injection, and the mice by in- 
travenous injection of tubercle ba- 
cilli, strain Ha7Rv, grown on Lowen- 
stein-Jensen medium. The amount in- 
jected was about 0.1 mg (dry weight). 

The establishment of the tubercu- 
lous infection was determined by the 
presence of characteristic lesions in the 
organs of the animal. 

Cells were obtained from mice about 
2 weeks after infection and from guinea 
pigs about 3 weeks after infection. 

Polymorphonuclear leukocytes from 
normal mice were obtained as follows: 
3 ml of 0.1 percent glycogen in saline 
was injected intraperitoneally. Four 
hours later the mice were killed by 
decapitation. Cells were collected by 
washing the peritoneal cavity with 
Krebs-Ringer phosphate solution sup- 
plemented with heparin (2 units/ml). 
Usually cells from three mice were 
pooled in siliconized tubes and differ- 
ential counts showed that 75 percent 
were polymorphonuclear and 25 per- 
cent were mononuclear cells. Polymor- 
phonuclear cells from infected mice 
were obtained by the same procedure 
but collected about 16 hours after in- 
jection of the irritant. 

To obtain polymorphonuclear cells 
from normal and tuberculous guinea 
pigs, about 15 ml of 0.1 percent gly- 
cogen in saline was injected intraperi- 
toneally. Four hours later 30 ml of 
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Nicotinamide Adenine Dinucleotidase Activity in 

Cells of Tuberculous Animals 

Abstract. There is an increase in the nicotinamide adenine dinucleotidase 
activity of polymorphonuclear leukocytes, monocytes, and lymphoid cells from 
tuberculous animals, compared with that of cells from normal animals. There 
seems to be a correlation between the ability of the animal to develop a progres- 
sive disease and its ability to react with an increase in the activity of the enzyme. 
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lected by gravity drainage into sili- 
conized centrifuge tubes. Differential 
counts usually showed that about 90 
percent of the collected cells were poly- 
morphonuclear leukocytes. 

Monocytes were also obtained by in- 
jections of 0.1 percent glycogen except 
that in the mice the cells were col- 
lected 24 hours later and in guinea 
pigs four days later. The differential 
counts showed, respectively, about 65 
and 85 percent of monocytes. 

Lymphoid cells were collected from 
the mesenteric and tracheobronchial 
lymph nodes by first placing the nodes 
in Krebs-Ringer phosphate solution and 
then teasing out the cells with a needle 
into the suspending medium. A homo- 
geneous suspension of lymphoid cells 
was obtained by passing the suspension 
through two layers of gauze. 

Cells after collection were counted 
in a hemocytometer; the suspension 
was centrifuged in a refrigerated cen- 
trifuge at low speed, the supernatant 
was decanted, and the cells were re- 
suspended in the desired volume of 
phosphate buffer (0.1M, pH 7.1) and 
homogenized with a teflon grinder in a 
glass tube. 

The enzyme was measured by the 
method based on the cyanide reaction 
of nicotinamide adenine dinucleotide 
(5). The reaction mixture contained 
0.5 parts of cell homogenate, 0.3 parts 
of distilled water, 0.2 parts of 0.003M 
of the dinucleotide (6). The mixtures 
were incubated in a water bath at 37?C. 
To 1-ml samples withdrawn after vari- 
ous time intervals 3-ml of 1.OM KCN 
solution was added and the absorption 
at 325 m/, was determined (6). Reac- 
tion mixtures from which the dinucleo- 
tide was withheld were sampled into 
KCN and served as blanks. The amount 
of enzyme which hydrolyzes 0.1 tmole 
of nicotinamide adenine dinucleotide 
in 5 minutes was defined as one unit. 
Specific activity of the enzyme prepara- 
tion was expressed in units per 106 
cells. 

There is an increase in the activity 
of the enzyme in all cells from tuber- 
culous animals compared with those 
from normal controls (Table 1). From 
an initial uniform value in albino mice, 
0.05 to 0.07 units per 106 cells, there 
is an average increase in the enzyme 
activity of about 90 percent above that 
of normal cells. In cells from black 
mice, this increase is much more pro- 
nounced, especially in the polymor- 
phonuclear leukocytes and tracheobron- 

17 JULY 1964 

Table 1. Nicotinamide adenine dinucleotidase activity of cells from normal and tuburculous 
animals. The results are given as the means. The figures in parentheses indicate the number 
of animals. 

Albino mice Black mice C57 Guinea pigs 

Normal In- Tuber- In- N l Tuber- In- Normal Normal Normal 
(units/ culous crease (units/ culous crease i/ culous crease 
(units/ (units/ (units/ ( units/ 106 (units/ (% (units(units/ (% u (units/ (% 

cells) 106 above cells) 106 above cel106 above cel cells) normal) cells) normal) cells) normal) 

Monocytes 
0.06?0.02 0.13+0.1 116 0.07?0.02 0.13?0.04 86 0.2 ?0.08 0.5 ?0.01 150 

(9) (13) (4) (4) (3) (3) 
Polymorphonuclear leukocytes 

0.05?0.003 0.08+0.016 60 0.05+0.03 0.15?0.03 200 0.02+0.001 0.08?0.03 300 
(5) (6) (4) (4) (3) (3) 

Mesenteric lymphoid cells 
0.07?0.01 0.13-0.03 86 0.16?0.01 0.22?_0.04 37 0.21?0.11 1.20+0.59 470 

(7) (10) (5) (4) (5) (5) 
Tracheobronchial lymphoid cells 

0.06?0.01 0.12+0.02 94 0.06-0.026 0.27-0.08 350 0.12+0.017 1.30-0.7 980 
(4) (4) (4) (3) (5) (5) 

chial lymphoid cells, being 200 and 350 
percent, respectively, above that of the 
normal cells. 

The most pronounced elevation can 
be seen, however, in cells from tuber- 
culous guinea pigs. This increase is 
nearly tenfold in tracheobronchial lym- 
phoid cells, about fivefold in mesenteric 
lymphoid cells, and threefold and 1.5- 
fold, respectively, in polymorphonu- 
clears and monocytes. The differences 
in nicotinamide adenine dinucleotidase 
activity of mesenteric and tracheobron- 
chial lymphoid cells of black mice and 
guinea pigs seem to be of interest. It 
is probable that the tracheobronchial 
are more exposed than the mesenteric 
cells to the action of cord factor, 
which is shed by the tubercle bacilli 
in the lung or more exposed to solu- 
ble enzyme released by the tuberculous 
lung tissue and filtered out by the cells 
through an absorption phenomenon. 

Albino mice are considered to be 
more resistant to infection with tubercle 
bacilli than C57 black mice. A large 
number of tubercle bacilli injected in- 
travenously is required to cause a fatal 
infection in the mice. The guinea pig, 
on the other hand, is one of the most 
susceptible animals to a tuberculous in- 
fection. A few tubercle bacilli suffice to 
cause an active disease which culmi- 
nates in death of the animal. 

The elevation in activity of nicotina- 
mide adenine dinucleotidase seems to 
be an important factor in the patho- 
genesis of tuberculous infection (2, 3). 

In view of the findings of this re- 
port there appears to be a definite cor- 
relation between susceptibility to tuber- 

culous infection and ability to react 
by an increase in activity of the en- 
zyme. 

It is premature to assess the mean- 
ing and importance of the increased 
enzymatic activity of the cells since sev- 
eral questions remain to be answered. 
Is the increase due to an activation of 
the enzyme already present in the cells, 
or are the cells induced to increased 
production of the enzyme? As a third 
alternative, the increase in enzymatic 
activity of the cells may be due to ab- 
sorption of soluble nicotinamide ade- 
nine dinucleotidase. If the last assump- 
tion is true it will be reasonable to re- 
gard the described fact as an expres- 
sion of defense carried out by cells 
whose most important function is de- 
fense of the host. 
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