
the immunoprecipitates are analyzed on 
sodium dodecyl sulfate-polyacrylamide 
gels, two bands are observed (Fig. 2, 
lanes 2 and 3) that, on electrophoresis, 
migrate with the P- and P-2 poly- 
peptides immunoprecipitated from 1251- 
labeled purified HBsAg (Fig. 2, lane 1). 
These bands are two of the seven poly- 
peptide components reported for HBsAg 
(18) and correspond to the p23 and p28 
components identified from purified 22- 
nm particles and the PLC/PRF/5 cell line 
(15). The additional bands observed in 
lanes 2 and 3 are nonspecific and are ob- 
served in the absence of antiserum to 
HBsAg. The one exception to this is the 
68,000-dalton band that is thought to be 
copurified albumin (19). The P-l and P-2 
subunits are probably the only major vi- 
ral components of HBsAg (15, 20). No 
HBsAg components were found in the 
cell culture medium from Hep G2 (Fig. 
2, lane 4). 

One of the most interesting aspects of 
these tumor-derived cell lines is that they 
have the biosynthetic capabilities of nor- 
mal liver parenchymal cells. Indeed, the 
Hep 3B and PLC/PRF/5 cell lines are ca- 
pable of tumor formation in athymic 
mice. We currently have no evidence for 
the presence of the hepatitis B viral ge- 
nome in the Hep G2 cells, even though 
the line is phenotypically similar to the 
Hep 3B cell line. The retention of the dif- 
ferentiated liver cell functions in this rep- 
licating cell line does not therefore relate 
to the presence of the viral genome. 
Quantitative comparison of the produc- 
tion of plasma proteins and HBsAg by 
Hep 3B cultures indicates that the ex- 
pression of the viral coded product is 
regulated by the host cell (10). The avail- 
ability of these human parenchymal cells 
in continuous culture, synthesizing a 
large number of readily identifiable se- 
creted products, should provide a major 
tool for investigation of the control of 
their biosynthesis. 
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Roy and Sherrington (1) were the first 
to propose that brain blood flow was reg- 
ulated to meet the requirements of me- 
tabolism. This hypothesis was never 
tested on a quantitative basis in different 
brain regions because of limitations of 
existing technology. Our investigation 
represents, to our knowledge, the first 
quantitative determination of the normal 
regional relationship between oxygen 
supply and consumption in the brain. 

Some areas of the brain are known to 
be susceptible to oxygen lack, even for a 
short time. It would be interesting to de- 
termine which areas are more suscep- 
tible than others. Estimates that may be 
used as indicators of regional metabolic 
rates are available for regional oxygen- 
ation (2), reduced nicotinamide adenine 
dinucleotide, and cytochrome aa3 oxida- 
tion state (3) in various parts of the brain. 
These methods provide only an estimate 
of oxygen supply with respect to con- 
sumption rate rather than a measure of 
oxygen supply and consumption. 

We report a new microspectro- 
photometric method for determining ox- 
ygen saturation in small blood vessels of 
quick-frozen brain. Combining this mea- 
sure with regional blood flow measured 
by the radioactive microsphere method, 
we have determined oxygen consump- 
tion in defined regions of the brain by ap- 
plication of the Fick principle. No other 
methods are available for determining 
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oxygen consumption in such small areas 
and deep structures of the brain. 

Unlike most other organs, the brain is 
a conglomeration of a large number of di- 
verse functional areas. At any moment 
some of these units may be active and 
others quiescent. The energy need and, 
therefore, the metabolic rate of a given 
region are related, in part, to the instan- 
taneous amount of activity. Some in vivo 
measurements of regional metabolic rate 
in the brain may be used as an index of 
average neuronal activity in that region. 
The recognized usefulness of monitoring 
the metabolic rate in the brain in relation 
to mental activity has led to the develop- 
ment of several procedures; however, at- 
tempts to measure oxygen consumption, 
glucose utilization, or oxygenation are 
limited to localized brain regions, are in- 
direct, or are not quantitative measures 
of regional brain oxygen consumption 
(2-5). 

Our method is a technique for deter- 
mining oxygen consumption in small 
areas of superficial and deep structures 
of the brain. The arterial-venous oxygen 
extraction can be determined by a micro- 
spectrophotometric method by examin- 
ing small vessels regionally in quick- 
frozen tissue (6, 7). This method is highly 
accurate and-since we looked at blood 
within blood vessels-independent of 
the organ studied. We measured blood 
flow through the use of radioactive mi- 
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crospheres. This method has been vali- 
dated in the cat brain (8). The Fick prin- 
ciple allows the regional consumption of 
oxygen to be computed as the product of 
flow and extraction. Our technique in 
gracilis muscle had an accuracy of ? 8.7 
percent when compared with standard 
techniques. 

Twelve adult mongrel cats of either 
sex, ranging in weight from 2 to 4 kg 
were deprived of food overnight and 
tranquilized with ketamine (33 mg per 
kilogram of body weight, injected intra- 
muscularly). Normal body temperature 
was maintained during the experiment 
with a heating pad. An endotracheal tube 
and a femoral artery catheter were in- 
serted. The cats were then anesthetized 
with a-chloralose (75 mg/kg, injected in- 
tra-arterially), and artificial respiration 
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Fig. 1. Regional cerebral blood flow (in millili- 
ters per minute per 100 g), arterial-venous ex- 
traction (in milliliters of 02 per 100 ml of 
blood), and oxygen consumption (in milliliters 
of 02 per minute per 100 g) in nine examined 
brain regions. No significant regional dif- 
ferences were found. 
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was instituted. A left thoracotomy was 
performed at the fifth intercostal space; a 
partial pericardiotomy exposed the heart, 
and a left atrial catheter was inserted. A 
femoral artery catheter was coupled to a 
pressure transducer (Statham) for mon- 
itoring heart rate and systemic arterial 
pressure. This femoral artery catheter 
was used to obtain reference blood flow 
samples and for subsequent withdrawal 
of anaerobic arterial blood samples, 
which, along with an anaerobic blood 
sample from the superior saggital sinus, 
were analyzed for Pco2, Po2, pH, hemo- 
globin, and hematocrit. A 0.2-ml bolus of 
approximately 1 million 4tCe-labeled mi- 
crospheres (15 + 3 tm) was injected in- 
to the left atrium and flushed with 0.5 ml 
of saline. A 3-minute timed reference 
blood sample was withdrawn from the 
femoral artery with a monostaltic pump 
(Buchler). Weighed brain tissue and 
blood samples were counted to a stan- 
dard error of less than 2 percent on a 
gamma scintillation counter (Hewlett- 
Packard). From these data, blood flow in 
milliliters per minute per 100 g was cal- 
culated (8). 

The cats' heads were quickly guillo- 
tined in two places and frozen in liquid 
nitrogen. The frozen brain was cut into 
wafers on a band saw. Nine different re- 
gions were isolated and examined: ante- 
rior cortex, hypothalamus, thalamus, 
lenticulate nuclei, hippocampus, posteri- 
or cortex, cerebellum, pons, and me- 
dulla. The mean oxygen saturation value 
of five veins and one artery (20 to 100 /m 
in diameter) per region in 12 different 
cats was determined. A total of 476 veins 
were examined in 30- m frozen trans- 
verse sections at three wavelengths-560 
nm, 568 nm, and 503 nm (6, 7). Data 
were evaluated by factorial analyses of 
variance followed by Duncan's multiple 
range procedure (a = .05). 

Blood pressure (mean ? standard er- 
ror) (systolic, 143 + 9 mm-Hg; diastolic 
102 ? 7 mm-Hg), heart rate (185 ? 11 
beat/min), and blood gas values were 
within physiologically normal ranges. 
Blood flow in all the regions examined 
averaged 46.3 ? 3.1 ml/min per 100 g. 
There were no significant differences in 
mean blood flow among the areas exam- 
ined (Fig. 1). 

Venous oxygen saturation was vari- 
able (from 0 percent to 96 percent) (Fig. 
2). No significant differences existed 
among the regions examined. The over- 
all arterial-venous oxygen differences 
averaged 33.86 ? 1.27 percent. Oxygen 
extraction was calculated as the arterial- 
venous oxygen difference times the he- 
moglobin concentration times 1.36, 
where 1.36 represents the number of mil- 

liliters of oxygen per gram of hemoglobin 
(Fig. 1). No significant differences were 
noted. 

Oxygen consumption was determined 
as the product of flow and oxygen ex- 
traction. Oxygen consumption averaged 
2.6 + 0.2 ml of 02 per minute per 100 g. 
There were no statistical differences in 
mean oxygen consumption among the 
various regions of the brain (Fig. 1). 
Analysis of variance revealed a signifi- 
cant between-animal variation in all fac- 
tors. 

The ratio of oxygen supply to con- 
sumption was computed (7). The highest 
ratio was 3.99 ? 0.45 in the medulla; the 
lowest, 2.76 + 0.45, was found in the 
thalamus. There were no statistical dif- 
ferences in this ratio among the various 
brain regions. 

The venous oxygen saturation in the 
cat brain reveals considerable hetero- 
geneity (Fig. 1). The heterogeneity in the 
venous oxygen saturation in the brain 
quite closely parallels the results report- 
ed by Leniger-Follert et al. (9) for local 
tissue oxygen tension. They reported that 
for animals under control conditions and 
breathing room air, local PO2 values var- 
ied from 0 torr to almost arterial values 
of 90 torr. Our data indicate that oxygen 
consumption must also be heterogene- 
ous within any given region. We have 
presented the mean value. This con- 
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Fig. 2. Venous oxygen saturation measure- 
ments. No regional differences were found in 
the 476 veins examined. 

SCIENCE, VOL. 209 

I 

I 

I 

i 

I 

I 

I 



tention of heterogeneity is supported by 
the work of Sokoloffet al. (5), who have 

reported heterogeneous rates of glucose 
utilization within specific brain struc- 
tures, often related to the pattern of 
cytoarchitecture. This heterogeneity of 
venous oxygen saturation, tissue oxygen 
tension, and glucose utilization does not 
appear to lead to large regional (for ex- 
ample, pons versus medulla) differences 
in oxygen consumption. Our results in- 
dicate that regional oxygen consumption 
in anesthetized cat brain is relatively uni- 
form despite this heterogeneity. 

Our blood flow values are similar to 
those reported by others for the anesthe- 
tized cat (8) although slightly lower than 
that reported for conscious animals (10). 
Chloralose as well as barbiturate anes- 
thesia tend to reduce both cerebral blood 
flow and regional differences in that flow 
(11, 12). These results may be due to the 
tendency of anesthesia to reduce per- 
fusion of most brain regions to a basal 
value, one similar to that found in the 
pons and medulla. The relative homoge- 
neity of regional blood flow in the brain 
may be due to a reduction in the rate of 
cerebral metabolism (and possibly in 
neuronal activity) to a relatively uniform 
level throughout the brain. Small dif- 
ferences in microflow revealing a hetero- 
geneity of capillary blood flow in the 
brain-which may be related to dif- 
ferences in capillary length, flow, or both 
(13)-may also be rendered more uni- 
form by anesthesia. 

Our regional oxygen consumption val- 
ues for the brain are similar to those 
global values reported by others (5, 12). 
Our study reveals a lack of regional dif- 
ferences in brain oxygen consumption. 
Studies of significantly smaller brain 
structures have shown heterogeneity of 
glucose utilization (5). This hetero- 
geneity appears to be averaged out in 
structures as large as the thalamus or 
lenticulate nuclei. Anesthesia may have 
depressed regional brain oxygen con- 
sumption and metabolism so that meta- 
bolic rate throughout the gray matter be- 
came more uniform at a lower level. The 
moment-by-moment differences in mi- 
croflow (9), which may be dampened by 
anesthesia, when combined with a de- 
pression of differences in activity among 
the various types of neuronal and glial 
components of a region, may result in a 
relatively uniform oxygen consumption 
throughout the anesthetized brain. Al- 
though there were no regional dif- 
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anesthesia, when combined with a de- 
pression of differences in activity among 
the various types of neuronal and glial 
components of a region, may result in a 
relatively uniform oxygen consumption 
throughout the anesthetized brain. Al- 
though there were no regional dif- 
ferences in cerebral oxygen extraction, 
flow, and consumption, there were sig- 
nificant differences between animals that 
might be due to differences in age, sex, 
weight, strain, and depth of anesthesia. 
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Our study demonstrated that the sup- 
ply of oxygen to the various brain re- 
gions studied was at least 2.5 times the 
metabolic needs throughout the brain. 
Oxygen extraction was relatively low in 
any given region. This is consistent with 
hypotheses that the brain is able to main- 
tain adequate blood flow under most cir- 
cumstances to meet its relatively con- 
stant metabolic needs (14). The relation 
of oxygen supply to demand in the brain 
is higher and more uniform than in the 
heart. In the heart, the subendocardial 
region of the left ventricle has a lower 
oxygen supply-to-demand ratio than the 
rest of the organ, and the ratio is much 
lower throughout the heart than the brain 
(7). Whereas under a-chloralose anes- 
thesia all brain regions have an adequate 
and uniform oxygen supply-to-demand 
relation, it is not possible to predict what 
would happen under stressful condi- 
tions, such as hypoxia. Different brain 
regions may have very different blood 
flow and oxygen extraction reserves. 
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which is controlled by two linked loci. 

In heterothallic rust fungi (Uredi- 
nales), the haploid, monokaryotic infec- 
tions (pycnia) develop dikaryotic aecio- 
spores only after they are fertilized with 
"nectar" (a liquid exudate containing 
haploid pycniospores) from another pyc- 
nium of a different mating type. In 1927, 
Craigie (1) proposed that the pycnia of 
sunflower rust, Puccinia helianthi, and 
wheat stem rust, P. graminis, were of 
two mating types, which he designated 
(+) and (-). Since then, a (+) and (-) 
mating system, assumed to be controlled 
by two alleles at a single locus, has been 
accepted as common to all heterothallic 
rusts (2). Under this system, 50 percent 
of crosses between two pycnia should re- 
sult in aecia formation, irrespective of 
whether the pycnia being crossed are 
from the same or different strains. 
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During a recent study of the inher- 
itance of pathogenicity in the flax rust or- 
ganism Melampsora lini, I found that 
crosses between pycnia of one strain 
(CHG) and those of an unrelated strain (I) 
resulted in aecia formation 47 out of 48 
times. Since this result is clearly incon- 
sistent with a (+) and (-) mating system, 
I undertook a study to investigate more 
fully the genetic control of mating type 
in M. lini. 

Strains CH5 and I were used in this 
study. Strain CH5 is a hybrid strain de- 
rived from intercrossing strains C and H. 
Strain C was obtained by self-fertilizing 
New Zealand race 5 (3). Strain H is 
phenotypically the same as race 228 of 
North American origin (4), but was 
shown to be genotypically different (5) 
from the race 228 used by Flor (6). Strain 
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Multiple Mating-Type Specificities in the 

Flax Rust Melampsora lini 

Abstract. The results of selfing and intercrossing two strains of the flax rust fungus 
Melampsora lini indicate that this species does not possess a simple (+) and (-) 
mating system. Instead, the data are consistent with the assumption that the genetic 
control of mating type in Melampsora lini is similar to that in the mushroom Schiz- 
ophyllum commune, in which mating type is determined by two factors, each of 
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