
- -  - 

- -  - 

Table  1. Comparison o f  untreated and extracted albumin. 

Untreated Extracted 
albumin albumin 

Sedimentation constant, S w 2 0 "  4.3 4.3 
Electrophoretic mobility, descending boundary, p X 10" 6.50 6.52 
Optical  rotation, [ u ] ~ "  - 55.7 - 53.7 

* Not extrapolated to zero concentration; albumin concentration approximately 0.7 g/100 ml. 

b y  t h e  method  o f  Gordon ( 3 ) .Analysis 
revealed tha t  i t  contained 1.3 moles o f  
long-chain fa t ty  acid per m o l e  o f  al- 
b u m i n  ( 4 ) .T h e  h u m a n  and bovine mer-  
capta lbumin  preparations m a y ,  o f  course, 
d i f f er  significantly i n  this respect; un-
fortunately none o f  t h e  afore-mentioned 
h u m a n  mercapta lbumin  preparation is 
available for analysis. W h e n  preliminary 
at tempts,  i n  this laboratory, t o  prepare 
h u m a n  serum a lbumin  free o f  long-chain 
fat ty  acids b y  using mixed-bed resins 
proved unsuccessful (5),t h e  method  de- 
scribed i n  this report was developed.  

T h e  h u m a n  serum a lbumin  used i n  
this study was a sample o f  fraction V ,  
produced b y  fractionation o f  pooled 
blood plasma b y  t h e  method  o f  C o h n  
et al. ( 6 ) .  Stabilizers (N-ace ty l  trypto-  
phane or sodium caprylate)  or heavy  
metals  had  never been  added t o  this m a -  
terial, and it had received n o  heat  treat- 
m e n t  ( 7 ) .  

A water solution o f  serum a lbumin  was 
lyophilized, and t h e  dried a lbumin  was 
covered w i t h  a mix ture  o f  5-percent gla- 
cial acetic acid ( b y  v o l u m e )  i n  isooc- 
tane. T h e  acetic acid-isooctane mix ture  
had been  pretreated w i t h  anhydrous 
N a , S 0 4  t o  remove  traces o f  water. T h e  
extraction was carried ou t  wi thout  agita- 
tion, at O°C, for 6 hours or more.  T h e  
extraction mix ture  was t h e n  decanted 
and discarded, t h e  a lbumin  was washed 
w i t h  a n  aliquot o f  isooctane, and the  ex-  
traction was repeated i n  identical fashion. 
T h e  a lbumin  was t h e n  washed twice w i t h  
aliquots o f  isooctane and was subjected 
t o  a v a c u u m  for several hours i n  order 
t o  remove  remaining isooctane and acetic 
acid. 

W h e n  t h e  resulting a lbumin  prepara- 
t ion  was dissolved i n  water, a turbid so- 
lut ion was obtained. T h e  turbidi ty  is 
caused, i t  is believed, b y  the  presence o f  
isooctane that  has n o t  been  removed b y  
t h e  v a c u u m  distillation. I t  could b e  m a d e  
t o  disappear b y  any one  o f  t h e  following 
procedures: b y  dialysis against water;  
b y  allowing t h e  solution t o  stand f r o m  
12 t o  24 hours at r o o m  temperature or 
f r o m  3 t o  4 days a t  1°C;  or b y  applica- 
t ion o f  a v a c u u m  t o  t h e  solution for a 
short period. T h e  procedure selected was 
exhaustive dialysis o f  the  a lbumin  solu- 
t ion  against distilled water.  Acetic  acid 
which  remained was removed concomi- 
tantly  during this dialysis; this was d e m -  
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onstrated b y  t h e  disappearance o f  tracer 
amounts o f  C14-labeled acetate tha t  had 
been  added prior t o  dialysis. T h e  albu- 
m i n  preparation was t h e n  lyophilized 
and stored at - 10°C. 

Analysis o f  t h e  serum a lbumin  be fore  
extraction, b y  t h e  method  o f  Gordon,  
revealed tha t  it contained 1.8 moles o f  
long-chain fa t ty  acid per m o l e  o f  protein. 
A f t e r  extraction, it contained only 0.02 
m o l e  o f  fat ty  acid per m o l e  o f  a lbumin  
b y  the  method  o f  Gordon,  and 0.10 m o l e  
o f  fa t ty  acid per m o l e  o f  a lbumin  b y  t h e  
method  o f  Dole ( 8 ) .  

T h e  extracted, fat ty  acid-free a lbumin  
has been  extensively compared w i t h  t h e  
untreated a lbumin  t o  determine whether 
denaturation m a y  have  occurred during 
t h e  extraction procedure. S o m e  o f  t h e  
data obtained are presented i n  T a b l e  1. 
Ultracentri fugal  analysis was performed 
i n  a Spinco model  E ultracentrifuge. 
Electrophoretic analysis was performed 
i n  barbital b u f f e r ,  pH 8.6, ionic strength 
0.1, i n  a n  A m i n c o  model  B electro-
phoresis apparatus. Optical  rotation was 
measured i n  a Br inkmann polarimeter i n  
w h i c h  photocells f r o m  R u d o l p h  and Sons 
were used. T h e r e  was n o  detectable d i f -  
ference be tween  the  t w o  a lbumin  prepa- 
rations b y  any o f  these analytic tech-
niques. 

T h e  extracted a lbumin  is also i m -
munologically identical w i t h  the  un-
treated albumin.  T h i s  has been  d e m -
onstrated b y  t h e  agar di f fusion method  
( 9 ) ,  w i t h  rabbit antiserum against re-
crystallized h u m a n  serum mercaptalbu-
m i n .  T h e  "reaction o f  identity" was 
obtained at t h e  junction o f  t h e  precipitin 
lines for t h e  t w o  preparations. Finally, 
t h e  t w o  a lbumin  preparations react iden- 
tically w i t h  methy l  orange anions. T h i s  
has been  demonstrated b y  a quantitative 
study o f  the  binding o f  methy l  orange 
anions t o  serum a lbumin  b y  t h e  method  
o f  equil ibrium dialysis. Studies were per- 
formed w i t h  the  untreated albumin,  w i t h  
the  extracted a lbumin ,  and w i t h  a prepa- 
ration o f  t h e  extracted a lbumin  t o  which  
0.9 m o l e  o f  oleic acid and 0.9 m o l e  o f  
palmitic acid had been  added per m o l e  
o f  protein. T h e  binding curves for all 
three preparations were identical, wi th in  
the  l imits  o f  error o f  t h e  measurements. 
T h e  accumulated evidence thus indicates 
tha t  t h e  a lbumin  is no t  significantly 
altered during the  extraction procedure. 

I n  experiments designed t o  study t h e  
binding o f  small molecules or ions t o  
serum albumin,  a n  a lbumin  preparation 
f r o m  w h i c h  all tightly bound small 
molecules and ions have  been  removed 
should b e  used. T h e  method  described 
here was,  i n  fact ,  developed i n  t h e  course 
o f  quantitative studies o f  the  interaction 
o f  h u m a n  serum a lbumin  w i t h  long-chain 
fa t ty  acid anions. T h i s  m e t h o d ,  which  
m a y  be o f  general interest i n  investiga- 
tions o f  the  chemistry o f  a lbumin ,  m a y  
therefore prove t o  b e  o f  particular value 
i n  preparing a lbumin  for use i n  a w i d e  
variety o f  binding studies. 

D E W I T T  S .  GOODMAN 
Laboratory of Cellular Physiology 
and Metabolism, A'ational Heart 
Institute, Bethesda, Maryland 
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Sensitivity of the Skin to 
Changes in Rate of Intermittent 
Mechanical Stimuli 

W e  have  recently reported data o n  
comparative speed o f  response o f  t h e  eye 
and t h e  ear, shown b y  measuring d i f fer -  
ence l imens  ( D L )  for intermit tent  
stimuli (1-3). T h i s  paper ( 4 )  reports 
extension o f  such measurements t o  rate 
discrimination b y  t h e  h u m a n  skin and 
compares these w i t h  d i f f erence  l imens o n  
flutter-that is, rate discrimination for 
intermit tent  whi te  noise. T h e  skin m a y  
b e  considered t o  b e  the  phylogenetic an-
tecedent  o f  t h e  ear, and v .  BCkCsy's re-
markable success i n  demonstrating t h e  
skin as a dimensional model  o f  t h e  
cochlea points u p  the  similarity o f  t h e  
t w o  sensory processes (5, 6 ) .  I t  is shown 
i n  this report tha t  data o n  rate discrimi- 
nation suggest a further similarity be-
tween  t h e  skin and the  ear. 

T h e  procedure was t o  measure d i f f e r -  



-- 

ence limens for intermittent mechanical 
pulses, a t  pulse repetition rates of 1 to 
320 cy/sec, by means of a phonograph 
cutting head in which the moving ele- 
ment was held between the thumi and 
one other finger. The moving element 
was fitted with a flat plate of 50 mm2. 
Therefore, the total skin surface that was 
excited was 100 mm2. Ten thresholds 
from each of five observers were obtained 
at each of ten frequencies between 1 and 
320 cy/sec; electric pulse durations that 
were increased from 1.5 msec at 320 
cy/sec to 7.5 msec at 1 cy/sec were used. 
The sensation level above the absolutc 
threshold for feeling vibration was from 
17 to 26 decibels. 

Two electronic, rectangular pulse gen- 
erators of variable frequency and pulse 
duration drove the mechanical stimula- 
tor. The observer felt the moving ele-
ment of the vibrator on the skin of the 
finger tips of one hand and sampled thc 
standard and comparison frequencies 
successively by a selector switch ~vhicli 
he operated with the other hand. He also 
used his switch hand to control the fre- 
quency of the comparison stimulus by a 
linear multirevolution potentiometer. 
The experimenter set the comparison 
frequency away from the standard by a 
random amount, and the observer oh- 
tained equality judgments by the method 
of adjustment, alternately starting from 
frequencies above and below the stand- 
ard. The discrepancy between the stand- 
ard and the comparison frequencies was 
measured with an electronic counter, to 
an accuracy exceeding that of the gen- 
erating equipment. The circuit that was 
required to produce the standard and 
comparison repetition rates and pulse 
durations is described elsewhere ( 7 ) .  
The mechanical stimulator was mounted 
in a sound-absorbing box, and a mask-
ing noise was delivered to the observer 
through headphones. 

Table 1. Difference limens for intermit- 
tent mechanical stimulation on the finger 
tips. Cutting head stimulator with 100 
mmQontact area. Five observers. 

Frequency 
(cy/sec) Cumu-

AD *f'f lative 
Mean ( A f )  from DL'S

Stand- ob- (cy/sec) AD 
( j f l d s )

tained 

STANDARD FREQUENCY (FI- C)I/8eL 

Fig. 1. The difference-limen function for 
discriminating rate. Upper curve: short 
~ulses  by the skin of the finger tip; log 
Af = (0.3410-2) + 1.2008 log f, for f = 1 to 
320 cy/sec. Lower curve: intermittent 
white noise with a duty cycle of 0.5; visu- 
ally fitted curve from 1 to 5 cy/sec; log 
Af = (0.5357-3)t 1.3479 log f, for f = 5 to 
320 cy/sec. 

The results for the rate discrimination 
of short pulses are shown in Table 1 and 
in the upper curve of Fig. 1. Column 2 
of Table 1 sho~vs the mean obtained fre- 
quency. By comparing these figures with 
those in column 1, it can be seen that 
the standard is matched, on the average, 
with an error of less than 12 cy/sec. 
Column 3 shows Af as the average devia- 
tion (AD),  computed with reference to 
the standard frequency ( f ) .  This rises 
monotonically with f.  Column 4 gives 
the relative difference limens A//!, and 
column 5 shows the cumulative differ- 
ence limens found by graphic integration 
of l/Af, where Af is the average devia- 
tion in column 3. The result is 180 just- 
noticeable differences ( j n d )  in the range 
of 1 to 320 cy/sec. The observed rela-
tionship between Af and f is best ex-
pressed by the equation log Af = 
(0.3410-2) + 1.2008 log f and, there-
fore, may be approximated by a parabola 
of the form y = axb. 

Two other types of tactile stimulators 
were used to obtain similar results. These 
were a modified loud-speaker motor and 
a precision miniature vibration genera-
tor (8 ) .Data were also obtained, by the 
method described, rvith contactors that 
covered 1 mm2 and 20 m m h f  skin area 
on a single finger tip. There was no indi- 
cation that the size of the area stimu-
lated made anv difference in the differ- 
ence limens for rate discrimination. 

I t  is clear, of course, that no mechan- 
ical transducer of the type used here wiIl 
faithfully follow the pulse-wave form of 
the electric input. At higher frequencies, 
the stimulus applied to the skin ap-

proaches a sine wave. Pkrilhou (9),and 
others, have measured Af for sine waves. 
He found that Af/f varies with intensity 
between 0.02 and 0.40. The determina- 
tion of accurate values of Af with sine 
waves offers special difficulties, because 
frequency and intensity tend to be con- 
founded in the matches. This appears 
not to be the case with pulses at  low 
frequencies. We have found, therefore, 
that the linear relationship in Fig. 1 be- 
gins to break down after about 320 cy/ 
sec, when the transducer no longer fol- 
lows the rectangular input. 

The lower curve in Fig. 1 shows our 
difference limens for flutter ( 2 ) .  The 
two curves have nearly the same slopes 
between 10 and 320 cy/sec; this suggests 
that the mechanism for rate discrimina- 
tion is the same for the skin and the ear. 
Our values for frequency discrimination 
and those obtained by v. EkkCsy (5) with 
his dimensional model of the cochlea, in 
which he substitutes the skin of the arm 
for the basilar membrane, are in reason- 
ably good agreement (see his Fig. 20). 
However, the skin has by no means the 
temporal resolving power of the ear a t  
moderate sensation levels. In the fre-
quency range of 1 and 320 cy/sec, the 
skin achieves less than 200 just-notice- 
able differences, whereas the ear pro-
duces more than 500. 

G. H. MOWBRAY 
J. W. GEBHARD 

Johns Hopkins University 
Applied Physics Laboratory, 
Silver Spring, Maryland 
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Cold-Resistant Oat Varieties 
also Resistant to Heat 

Apparently Trabut (1)was first to in- 

dicate that red oats resist heat. His refer- 

ence was to Algerian oats, which are sim- 

ilar morphologically to the Red Rust-

proof oat in this countly. Several writers 

have agreed with early statements ( 2 )  
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