
and size. It indicates that there is both 
a genetic and functional relation be- 
tween light and heavy chains, which 
is probably related to their role in anti- 
body function. Furthermore, despite 
the variation in sequence to which the 
NH2-terminal portions of light and 
heavy chains are subject, portions of 
the tertiary structure may be rather 
stable since certain sequence regions 
as well as the disulfide bridges are 
similar from species to species and with- 
in antigenic types and classes. 

Most theories of hypermutation are 
not compatible with these findings. In- 
deed, these structural relationships are 
difficult to explain by any mechanism 
other than an accumulation of muta- 
tions through many separate genes for 
K- and X-ligbt chains, and probably 
also for y-/, a-, and n-heavy chains. As 
in the myoglobin-hemoglobin example, 
this structural homology can be ac- 
counted for by the hypothesis of com- 
mon ancestry of light and heavy chains 
from a single primitive gene that gave 
rise to light and heavy genes through 
a process of duplication and independ- 
ent mutation as proposed byHill et al. 
(17). Our results suggest that K- and 
A-chain specialization preceded interspe. 
cies differentiation and probably oc- 
curred on an evolutionary time scale 
at about the same period as the separa. 
tion of the genes for a- and 8-hemo. 
globin chains. 

Note added in proof. Hood et al. 
(20) have demonstrated variation in 
the sequence of the NH2-torminal oc- 
tadecapeptide of human A-chains ana- 
logous to that known for K-chains. On 
this basis they, too, have suggested that 
the genes coding for K-chains and A- 
chains have evolved from a common 
ancestral gene. 

KoITi TITANI 
MAURICE WIKLER 

FRANK WV. PUTNAM 
Division of Biological Sciences, 
Indiana University, Bloomington 
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Leukocyte Oxidase: Defective 
Activity mi Chronic 
Granulomatous Disease 

Abstract. The intact leukocytes of two 
children with chronic granulomatous 
disease fail to reduce nitroblue tetra- 
zolium during phagocytosis. This is due 
to defective operation of an oxidase 
of reduced nicotinamide adenine dinu- 
cleotide that is insensitive to cyanide 
and that indirectly stimulates the oxida- 
tion of glucose-6-phosphate in leuko- 
cytes. Such leukocytes undergo no in- 
crease in oxygen consumption or in ac- 
tivity of the hexose monophosphate 
shunt during phagocytosis, although 
lactate production is normal. The addi- 
tion of nitroblue tetrazolium to a leuko- 
cyte suspension appears to provide a 
sensitive diagnostic screening test for 
this disease. 

Chronic granulomatous disease ob- 
served in childhood is a fatal disorder 
characterized by increased susceptibility 
to infection, which begins during the 
first year of life (1). Although many 
types of organisms have been isolated 
from the affected patients during the 
later phases of their illness, the initial 
series of infections is usually caused by 

staphylococci. The patients frequently 
develop granulomas in nodes, lungs, 
liver, and spleen. 

Studies by Holme s and her co-workers 
(2) suggest that the circulating granulo- 
cytes of these patients ingest but do 
not destroy bacteria. These workers 
have also stated that the respiration 
of such granulocytes does not increase 
during phagocytosis (3). 

We have recently observed two un- 
related male children with chronic 
granulomatous disease, one of whom 
has succumbed to this disorder. We 
studied the metabolic response of their 
granulocytes to the phagocytosi-s of 
polystyrene spheres in an attempt to 
define a defect of direct oxidation of 
glucose-6-phosphate in these leukocytes. 
Some of the metabolic responses of 
guinea pig granulocytes to the phagoo- 
cytosis of inert particles include,, in 
addition to increased lactate produc- 
tion, stimulation of the activity of a 
reduced nicotinamide adenine dinu- 
cleotide (NADH) oxidase, increased 
oxygen consumption, and marked in- 
crease in the activity of the hexose 
monophosphate shunt (4). 

Leukocytes were isolated from the 
peripheral blood of these patients and 
from infected controls with similar 
distributions of granulocytes by means 
of fibrinogen sedimentation and dif- 
ferential centrifugation. The isolated 
cells were thrice washed in tubes 
coated with silicon with Krebs Hensleit 
buffer (pH 7.4) to which glucose (11 
mM) was added. Erythrocyte contami- 
nation of the leukocyte suspension was 
less than 10 percent. Phagocytosis was 
initiated by the addition of 0.1 ml of a 
dilution (one part in ten) of dialyzed 
polystyrene spheres (5) to the leukocyte 
concentrate which numbered 2 to 
4 X 107 leukocytes per milliliter. We 
assessed ingestion of spheres by ob- 
serving cells with Nomarski optics. The 
percentage of leukocytes containing 
more than two spheres was enumerated. 
Activity of the hexose monophosphate 
shunt in leukocytes was determined in 
the resting state and following 1/? hour 
of phagocytosis in stoppered 15-ml 
serum bottles. The C'402 was trapped 
on filter paper, soaked with KOH, 
which was suspended from the serum 
cap, and the C'4 activity of the dried 
paper was determined in a liquid 
scintillation counter. Lactate production 
was determined by measurement of the 
lactate concentration (6) of a 3 per- 
cent petchloric acid filtrate of the lenl- 
kocyte suspension. The oxidase activity 
manifested during phagocytosis. was d~e- 
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Table 1. Lactate production by resting leuko- 
cytes and by phagocytosing leukocytes water 
30 minutes of phagocytosis at 37C. Values 
expressed as micromoles of lactate produced 
per ? hour per 1.0 X 1 cells. 

Leukocytes from R Phago- 
patient with estng cytosing 

Asthma 3.15 4.48 
Pnemonia 3.65 5.60 
Peritonitis 4.27 5.29 
Congestive heart 2.07 4.79 

failure 
Pneumonia 1.73 2.90 
Chronic granulomatous 2.80 4.03 

disease, Patient 1 3.71 4.57 
Chronic granulomatous 

disease, Patient 2 1.67 3.15 

tected after the addition of 0.2 percent 
oxidized nitroblue tetrazolium and 1mM 
KCN to the reaction mixture. Reduc- 
tion of the dye produces a deep blue 
color. 

The results observed in leukocytes de- 
rived from other infected and healthy 
individuals confirmed some of the ob- 
servations of Karnovsky and his co- 
workers (4). We refer to these as "nor- 

Table 2. Effect of phagocytosis on stimua- 
tion of the leukocye hexose monophosphate 
shunt in resting (A) and phogocytosing (B) 
cells. 

C1402 (count/mm 
Leukocyes from per 108 leukocytes) 

patient with* A B B/A 

Pneuonia 377 2099 5.6 
Pulmonary infarction 304 1270 4.2 
Pneuonia 65 1056 16.3 
Pneumonia 155 1640 10.6 
Pyelonephrtig 91 1226 15,1 
Wilson's disease 192 7232 37.7 

Chronic granulomatous 43 84 1.9 
disease, Patient 1 155 160 1.0 

29 22 0.7 

Chronic granulomatous 321 381 1.1 
disease, Patient 2 409 125 0.3 

* The leukocytes were incubated at 371C for 30 
minus tes in Krebs Hensleit buffer at pH 7.4 wit 
11 mM glucose and glucose-l-C'4 (2.5 X 10i 
count/min). 

Table 3. Effect of methylene blue on stmu-, 
lation of the hexose monophosphate shunt. 
Without methylene blue, A; with methylene 
blue, B. 

C4Os (count/min 
Leukocytes from per 108 leukocytes) 

patent with* B B/A 

Pneumonia 297 2427 8.2 
Asthin a 459 2511 5.5 

Chronic 'lanul m tous 
disease, Patiet 1 85 3245 38.1 

Chronic g an~ulomzatous 
dise ase, Patient 2 148 346 23.3 

* The leukocytes were inc bat d at 37'C for 30 
minutes ie Krbs Hensleit buffer at pH: 7.4 
with 11 glucose, 2.0 methylne blue, 
u\1d Au~cose-iC~' (2.5 X l01> count/min). 

836 

mal" leukocytes. During phagocytosis, 
normal leukocytes reduced nitroblue 
tetrazolium to a deep blue color within 
5 minutes, whereas in the resting state 
they required up to 30 minutes to bring 
about an equal degree of dye reduction 
There was increased lactate production 
during phagocytosis by normal cells 

(Table 1). In addition, there was a 

marked increase in the activity of the 
hexose monophosphate shunt, as mani- 
fested by the production of C'402 
from glucose-I-C 4 (Table 2). There 
was only slight increase in production 
of C1.402 from glucose-6-CI4. The 
metabolic response of the intact leuko- 
cytes of the two patients with chronic 
aranulomatous disease during phagocy- 
tosis was abnormal. As expected from 
the data of Holmes and co-workers 
(2), these cells ingested polystyrene 
spheres. On the other hand, they did 
not reduce nitroblue tetrazoliuim at a 
normal rate whether resting or phago- 
cytosing. During phagocytosis they pro- 
duced lactate at an increased rate 
(Table 1) but failed to generate an in- 
crease in the hexose monophosphate 
shunt (Table 2). When these lekiocytes 
were exposed to methylene blue in the 
absence of polystyrene spheres, their 
hexose monophosphate shunt activity 
increased even more markedly than did 
that of normal cells (Table 3). In con- 
trast to normal cells, oxygen consump- 
tion of the leukocytes, measured only 
in the second patient, did not increase 
during phagocytosis (7). 

Lysis by freezing and thawing of the 
granulocytes of both patients following 
the addition of either NADH or 
NADPH caused greater reduction of 
nitroblue tetrazolium than occurred 
when the cells were intact. This re- 
action was not inhibited by cyanide 
and was potentiated to a greater extent 
by NADH than by NADPH. 

Our studies indicate that the intact 
phagocytosing leukocytes of the patients 
with chronic granulomatous disease fai 
to evince a cyanide-insensitive NADH 
oxidase which is apparently not essen- 
tial to the ingestion process. The re- 
sults of studies with methylene blue 
suggest that the failure of these cells 
to exhibit stimulation of the hexose 
monophosphate shunt during phagocy- 
tosis is not due to any loss of one or 
more of the enzyme activities usually 
associated with the operation of the 
hexose monophosphate shunt. Rather, 
it may be due tos the lack of the 
NADH oxidase activity which stimu- 
lates the shunt in normal phagocytosing 
cells. Exactly how the lack of oxidase 

activity in intact leukocytes is related 
to the inability of these cells to destroy 
ingested bacteria is not established at 
,this time, nor is the cellular site of 
the enzyme released during lysis by 
freezing and thawing. Of clinical signifi- 
cance is te fact that the addition of 
nitroblue tetrazolium to a suspension 
of leukocytes in a glucose-rich buffer 
containing cyanide appears to provide 
a sensitive, diagnostic, screening test 
for this condition. 

RornERT L. BAERNER 
DAVID G. NATHAN 
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Relative Brain Size: A New Measure 

Abstract. The relation of the volume 
of the endocranial cavity to the area 
of the foramen magnum is a measure 
of relative brain size in mammals. 
The outstanding advantage of this meth- 
od is that only a skull is required for 
a set of measurements. 

The method most commonly used to 
investigate relative brain size in mam- 
mals involves a comparison of brain 
weight and body weight (1). However, 
that method is limited because body 
weight varies greatly within a spies. 
Furthermore, it is difficult to obtain 
statistically- significant data for com- 
mon species and any data at all for 
rare mammals. The ratio of brain 
weight to spinal cord weight has been 
proposed as an index of relative brain 
size (2), but that approach, while al- 
leviating the first problem, makes it 
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