
Table 2. The correlation coefficients (r) be- 
tween functions measured in the males of 
the drinker strain in the F7 generation. The 
limit value of the statistical significance at 
P = .05 is .25; at P = .01 it is .32. Func- 
tions measured are absolute alcohol and total 
fluids in milliliters per 100 g of body weight 
per day, total calories per 100 g of body 
weight per day, weight at beginning of period, 
and growth in grams. 

Functions 1 2 3 4 5 

1 Absolute 
alcohol 1.00 

2 Total 
fluids .65 1.00 

3 Total 
calories .43 .58 1.00 

4 Weight - .19 - .26 - .43 1.00 
5 Growth .34 - .17 .16 .24 1.00 
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take of the drinkers is significantly 
higher than that of the nondrinkers. 
The same applies to fluid intake. The 
greater fluid intake is probably due to 
the diuretic effect of alcohol. And with 
the same standard food, greater con- 
sumption of food usually leads to high- 
er fluid intake; this may reflect a meta- 
bolic difference between strains. With 
respect to weight, such a marked dif- 
ference between the strains may also 
signify an inherited metabolic dif- 
ference, which is associated with alco- 
hol consumption (6). The sexes differ 
in the rate of alcohol elimination, which 
is higher in females (6). Subsequent 
experiments have indicated that these 
strains do not differ in the rate of al- 
cohol elimination or in alcohol dehy- 
drogenase activity. The difference be- 
tween the sexes which is conspicuous 
in the drinker strain, is not so appar- 
ent in the nondrinker strain. In both 
strains the difference between sexes is 
greater for alcohol consumption than 
for alcohol preference. The alcohol con- 
sumption as a percentage of total fluid 
intake has generally been adopted as a 
measure of preference. In my experi- 
ments, the regression of preference 
values of alcohol intake per unit weight 
was determined for the F7 generation, 
of which there were 210 animals. The 
regression model accounted for as 
much as 94 percent of the variance, 
the regression coefficient being .85. The 
two measures show -a high correlation, 
but the preference value is at a disad- 
vantage, because it does not vary free- 
ly but depends on total fluid intake. 
From the same data, the correlations 
of other variables with alcohol con- 
sumption were also calculated. Because 
the four-peaked curve of variation 
does not permit analysis of the total 
data, I have chosen drinker males as 
an example (Table 2), especially be- 
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cause their range of intake was wide 
but the range of other variables, within 
individuals, was slight during the experi- 
mental period. Consequently, the possi- 
ble association of some variables with 
alcohol consumption is easier to discern. 
The results confirm the validity of the 
sex and interstrain differences (Table 
1), in that calorie intake, fluid intake, 
and alcohol consumption constitute a 
positively correlated group of variables. 
In contrast, the interstrain difference in 
initial weight shows only a weak nega- 
tive correlation with alcohol consump- 
tion, and the difference is possibly 
fortuitous. 

Rodgers and McClearn (4) have 
adopted the working hypothesis that 
alcohol consumption is an additively 
inherited polygenic trait. However, they 
have not constructed a heritability 
model, although they have shown that 
females exert a greater effect on the 
offspring. Construction of a heritability 
model on the basis of the hypothesis 
of self-selection requires that the in- 
heritance be additive, that there be no 
dominance, that the quantitative effects 
of the genetic units involved be approxi- 
mately equal, and that there be no link- 
age. The experiments of Reed (1) re- 
veal large deviation within inbred strains 
with regard to drinking behavior. These 
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Thus far, more than 50 examples of 
chemical abnormalities in the human 
hemoglobin polypeptide chains have 
been reported. For the most part, they 
represent single amino acid substitutions 
which usually have no measurable ef- 
fect on the physiological property of 
the hemoglobin molecule as a respira- 
tory pigment. Recently, abnormal hemo- 
globins with a functional abnormality 
consisting of increased oxygen affinity 
have been reported (1, 2). In heter- 
ozygotes for these abnormal hemoglo- 
bins, lower volumes of oxygen per red 
cell are released to the tissue. The con- 
sequent relative tissue hypoxia stimu- 
lates erythropoietin secretion, produc- 
ing erythrocytosis. We report the bio- 
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results suggest that the role of inherit- 
ance is slight, either because of an in- 
adequate phenotypic measure or of a 
predominating role of the environment. 
The model constructed here shows the 
importance of genetic factors in deter- 
mining selection of alcohol, although 
the determining power of the environ- 
ment still seems stronger. The model 
will undoubtedly be improved by an 
elaboration of measuring techniques. 

KALERVO ERIKSSON 
Research Laboratories of the State 
Alcohol Monopoly (Alko), 
Helsinki, Finland 
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chemical findings of a new abnormal 
hemoglobin, associated with increased 
affinity to oxygen, designated as hemo- 
globin Rainier. 

Hemoglobin Rainier was detected in 
a 47-year-old Caucasian female with 
erythrocytosis (hematocrits 57 to 59 
percent) of unknown etiology and high 
normal values of urinary erythropoietin. 
Five other members of her family had 
this abnormal hemoglobin accompany- 
ing erythrocytosis. Hemoglobin-oxygen 
dissociation of blood samples from in- 
dividuals with hemoglobin Rainier indi- 
cated increased affinity of hemoglobin to 
oxygen and decreased heme-heme inter- 
action (n = 1.2). the pH of red cells 
and the Bohr effect were normal (3). 
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Hemoglobin Rainier (/3145 Tyrosine -> Histidine): 
Alkali-Resistant Hemoglobin with Increased Oxygen Affinity 

Abstract. Hemoglobin Rainier, a new hemoglobin variant associated with 
erythrocytosis, was found in six members of a Caucasian family. Structurally, it 
represents substitution of histidine for the invariant residue H23 tyrosine in the 
p/-hemoglobin polypeptide chain (l/314 tyrosine -> histidine). Hemoglobin Rainier 
is the first example of a single amino acid substitution in adult human hemoglobin, 
causing increased resistance to alkali denaturation. 
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On electrophoresis, hemoglobin 
Rainier did not separate from hemo- 
globin A when hemolyzates of heter- 
ozygotes were studied on starch gels 
with phosphate buffer (pH 6.2 and 
7.0), tris-EDTA-borate buffer, pH 8.6 
or tris-HCI buffer, pH 9.5. However, 
electrophoretic separation was achieved 
on agar gels when 0.05M citrate buffer 
at pH 6.2 was used. Hemolyzates from 
heterozygotes showed increased alkali 
resistance (from 12.0 to 16.0 percent), 
although fetal hemoglobin was not ele- 
vated by either starch-gel or agar-gel 
electrophoresis. 

Further characterization of hemoglo- 
bin Rainier was carried out after isola- 
tion on a carboxymethyl-Sephadex col- 
umn (4). The concentration of Hb 
Rainier after column chromatography in 
one heterozygote was 30 percent. Study 
of alkali denaturation rate of isolated 
hemoglobin Rainier (5) showed rapid 
denaturation of approximately 40 per- 
cent of the hemoglobin in the first 30 
to 60 seconds of the reaction. However, 
the remainder of the denaturation curve 
was relatively flat, and at 15 minutes, 
approximately 40 percent of Hb Rainier 
was still undenatured. By extrapolation 
to zero time the alkali resistant com- 
ponent was estimated to 60 percent. 
Purified Hb Rainier showed a single 
sedimentation boundary by analytical 
ultracentrifugation. The sedimentation 
constant (S20o w) measured in 0.05M 
Na,HPO4-KHPO04 buffer (pH 6.8) 

containing 0.2M NaCI was 4. IS, indi- 
cating the usual tetrameric form of the 
hemoglobin. Electrophoresis after hy- 
bridization of isolated hemoglobin Rai- 
nier with canine hemoglobin (6) showed 
that the hybrid consisting of /3-chains 
from hemoglobin Rainier and a-chains 
from canine hemoglobin migrated more 
slowly than the corresponding hybrid 
obtained from /3-chains from hemoglo- 
bin A and a-chains from canine hemo- 
globin. The finding indicated that the 
lesion in hemoglobin Rainier was lo- 
cated on the /-chain. 

Globin was prepared from Hb Rainier 
by acid-acetone precipitation (7), and 
a- and /3-chains were isolated by car- 
boxymethyl-cellulose column chroma- 
tography in 8M urea (8). The /f-chain 
was aminoethylated (9) and digested by 
trypsin. The tryptic peptides were sepa- 
rated by chromatography on Dowex 50- 
X2 column (9). The elution patterns 
(Fig. 1, A and C) indicated that in 
hemoglobin Rainier the peptide /3T-15 
(Tyr-His, residues 145 and 146) was 
absent and a new peptide (marked X) 
was eluted between /3T-12b and 3T-7,8. 
Amino acid analysis of peptides X and 

f3T-15, together with the chromatog- 
raphy of authentic histidylhistidine 
(Fig. 1B), revealed that tyrosine at 
position No. 145 of /3-hemoglobin chain 
was replaced by histidine in Hb Rainier. 
There was no indication of other sub- 
stitutions, although this has not been 
determined with absolute certainty. 
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Fig. 1. Elution patterns of tryptic hydrolyzates of normal and Hb Rainier p-chains 
from a Spinco type 15-A resin column (0.9 by 16 cm). The peptides were eluted 
with a gradient produced with the aid of a six-chamber varigrad. Chambers 1, 2, 
and 3 each contained 100 ml of pH 3.1, 0.02M pyridine-acetic acid buffer and 4, 5, 
and 6 each contained 100 ml of pH 5.0, 0.2M pyridine-acetic acid buffer. The flow 
rate was 30 ml/hr at 50?C. The effluent stream was split; about one-fifth was used for 
continuous detection by reaction with ninhydrin, and the remaining was collected in a 
fraction collector. (A) Peptide patterns of hydrolyzates of normal ,p-chain (about 3 
mg); (B) Peptide patterns of hydrolyzates of normal ,-chain (about 3 mg) plus 
histidylhistidine; (C) Peptide patterns of hydrolyzates of Hb Rainier p-chain (about 
8 mg). Peptides are numbered in accordance with Jones (9). 
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The substitution, according to the 
helical numbering proposed by Perutz 
(10), involves residue 23 in the H- 
helix. Tyrosine in residue H23 is one 
of the nine so-called invariant amino 
acids, that is, amino acids occurring at 
structurally identical sites in all the 
myoglobins and hemoglobins so far in- 
vestigated. In Perutz's hemoglobin 
model (10), H23 tyrosine is given 
some importance in determining the 
tertiary structure of the polypeptide 
chain; it has been implicated in cross- 
linking helices G and H through a 
hydrogen bond, with the alpha carbonyl 
of residue FG5 at the corner of the 
FG nonhelical region. In hemoglobin 
Rainier, histidine in position H23 
would not form the interhelical bond 
with FG5 valine. Residue FG5 is in 
the proximity of the heme plane; the 
substitution in hemoglobin Rainier 
might indirectly alter the relation of 
this residue to heme iron. Alternative- 
ly, as suggested -by Jones in the case 
of Hb Yakima (2), the substitution 
could alter the nature of the inter- 
actions between the hemoglobin chains 
and could favor the oxyhemoglobin 
quarternary structure. 

These molecular alterations, particu- 
larly the possible abnormal interaction 
between chains, might be correlated 
with the increased resistance to alkali 
found in Hb Rainier; however, no 
plausible mechanism can be proposed 
at present. Human fetal hemoglobin 
(a022) and several animal hemoglobins 
are resistant to denaturation by alkali; 
however the structural basis of this 
property of hemoglobin is not clear. 
Hemoglobin Rainier is the first example 
of a single amino acid substitution in 
one of the adult (human) hemoglobin 
polypeptide chains which renders the 
hemoglobin resistant to denaturation by 
alkali. Since residue H23 is invariant 
(and therefore occupied by tyrosine 
in alkali-resistant hemoglobins with 
known sequence), it is not the change 
in the primary structure but rather the 
consequent changes in tertiary or quar- 
ternary structure which make hemo- 
globin Rainier alkali resistant. A rela- 
tive increase in alkali resistance has 
been recorded in another, presumably 
adult, hemoglobin variant (11); how- 
ever, the exact molecular lesion in this 
variant is not known. 
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The myotatic reflex comprises at 
least the following events: (i) genera- 
tion of impulse activity by the primary 
endings of muscle spindles as a conse- 

quence of the stretch applied to the 
muscle, (ii) excitation of a-motoneu- 
rons, and (iii) development of muscle 
tension resulting from a-motoneuron 
activation. The dynamic behavior of 
the systems responsible for these events 
is largely unknown, although some data 
are available (1-3). Once these sys- 
tems are known, one can predict the 
behavior of the reflex under various 
conditions and can study the func- 
tional influence of supraspinal systems 
on spinal motoneurons. 

Study of the myotatic reflex also 
enalbles one to inquire into the func- 
tional significance of neuronal systems 
composed of multiple channels having 
similar information content. Indeed, 
the primary endings of muscle spindles 
converge upon single motoneurons and 
they seem to behave rather uniformly 
in response to muscle stretch, since 
the rate of impulse activity generated 
in these endings is nearly the same 
for all amounts of sustained stretch 
(4). Moreover, their dynamic behavior 
is similar (2), and the unloading pro- 
duced by the activation of even one, 
or of a few motor units, should af- 
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fect all the spindles similarly, if one 
assumes that the muscle fibers belong- 
ing to each motor unit are not highly 
segregated within the muscle (5). By 
use of a preparation in which differ- 
ences in spindle behavior due to y- 
motoneurons are abolished by cutting 
of the ventral roots, one can examine 
the result of the convergence, upon 
single motoneurons, of information 

conveyed by parallel channels. More- 
over, one can compare the behavior 
of single motoneurons with the be- 
havior of the motoneuron population 
to see what properties may arise from 

handling of similar information by mul- 

tiple units, on the assumption that the 

input distribution and the properties 
or the functional state (or both) of 
the individual motoneurons belonging 
to a uniform population are not 
the same. 

The dynamic behavior of the over- 
all myotatic reflex (stretch input and 
active-tension output) was measured in 
decerebrate cats (Fig. 1). The tendon 
was stretched as it would be for move- 
ments of the ankle joint as much as 
15 deg about the steady-state position 
(foot at 90-deg angle from leg). The 
gain (6) of the dynamic length-tension 
relation was about flat (Fig. 2A, curve 
b), and only a small but constant phase 
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difference was present between input 
and output (Fig. 2B, curve b), within 
the range of frequencies and ampli- 
tudes used. This behavior can be pre- 
dicted from the dynamic characteris- 
tics of the systems responsible for the 
reflex. 

Behavior of the primary endings of 
muscle spindles was measured in de- 
cerebrate cats (ventral roots cut or 
uncut) and in cats under barbiturate 
anesthesia (pentobarbital, 35 to 40 

mg/kg). The modulation component 
of the impulse activity in a single pri- 
mary ending, evoked by sinusoidal 
stretches of different amplitudes and 
frequencies, was determined by a re- 
ported technique (7). The results yield- 
ed by use of slightly different resting 
lengths and different average firing fre- 

quencies (between 18 and 30 impulses 
per second) can be fitted by a single 
curve (Fig. 2A, solid circles). The be- 
havior ceased to be linear for displace- 
ments above 50 to 100 / (Fig. 3B). 
Within these limits the percentage mod- 
ulation increased linearly with increas- 
ing displacement amplitude, and the 
modulation component was sinusoidal. 
At the larger amplitudes the distribu- 
tion of impulse activity was no longer 
sinusoidal, and saturation occurred at 

approximately 300 I (Fig. 3A). 
The second step in the myotatic re- 

flex, the processing of afferent informa- 
tion by a-motoneurons, involves at 
least two separate processes: demodula- 
tion of information carried by afferent 

impulses (synaptic processes), and re- 
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Fig. 1. Stimulator. The hind leg is fixed 
at the distal ends of the femur and tibia 
with pins. The steady-state value of muscle 
displacement was chosen to correspond 
to the limb position shown-foot ap- 
proximately 90 deg from leg. The ampli- 
tude of sinusoidal displacement (d) of the 
extensor muscles is that due to displace- 
ment of the' foot through angle 0 (up to 
15 deg). Stimulus applied at a displaces 
triceps surae only. Stimulus applied at b 
displaces both flexor and extensor muscles. 
Sinusoidal displacements were generated 
by a feedback-controlled, variable-speed 
d-c motor that turned a variable-offset 
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15 deg). Stimulus applied at a displaces 
triceps surae only. Stimulus applied at b 
displaces both flexor and extensor muscles. 
Sinusoidal displacements were generated 
by a feedback-controlled, variable-speed 
d-c motor that turned a variable-offset 
shaft. Displacement was measured by a 
photocell, and tension was measured by a 
strain gage on the output shaft. The sinus- 
oidal displacement at c was applied at 
a or b, appropriate adjustments in ampli- 
tude being made by variation in the 
amount of offset. 
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Myotatic Reflex: Its Input-Output Relation 

Abstract. The dynamic properties of the myotatic reflex and of its components 
were determined by a systems-analysis approach. The gain and phase relations 
between an applied stretch, which initiates the reflex, and the output of the pri- 

mary muscle spindles, which impinge upon a-motoneurons, are not further changed 

by the properties of the motoneurons. The dynamic relation between motoneuron 

activity and the resultant muscle tension balances these changes in gain and 

phase; the result is a flat gain and nearly zero phase difference between stretch 
and tension produced by the myotatic reflex. Moreover, the distribution of activity 
in multiple channels extends the range in which the overall reflex is linear. 
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