
T h e s e  data suggest that  the  L.E. 
serum factor has a n  af f ini ty  for nuclear 
nucleoprotein and that  deoxyribonucleic 
acid is involved i n  the  bond.  T h e  fact  
tha t  the  L.E. serum factor is a y-globuli~i  
that  appears t o  react w i t h  antiserum t o  
normal y-globulin suggests that  t h e  fac- 
tor m a y  be a n  antibody. T h i s  possibility 
merits further investigation, w i t h  particu- 
lar reference t o  t h e  question o f  whether 
or not  t h e  L.E. factor could b e  a n  auto- 
antibody t o  nucleoprotein or deoxyribo- 
nucleic acid. 

A'ote added in proof: Recent ly  w e  
have learned tha t  George Friou o f  \Vest 
Haven,  Conn. ,  has applied the  fluores-
cent antibody technique t o  t h e  study o f  
properties o f  L.E. serum and has oh-
tained results similar t o  those reported 
here. 

HALSTEDR. H O L ~ I A N  
HENRY G. K U N K E L  

Rockefeller Institute for 
llledical Research, Nezu Y o l k  
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Interface Enrichment of Methylene 
Blue by Fatty Acids with 
Microanalytic Applications 

O n e  o f  us (G.M.) has observed tha t  
thionine dyes are attracted b y  fa t ty  acids 
t o  the  interface be tween  alkaline water 
and water-immiscible fatty-acid solvents. 
T h i s  attraction provides t h e  basis for a 
convenient n e w  method  o f  measuring 
very small amounts o f  certain long-chain 
fat ty  acids. I n  particular, palmitic, oleic, 
stearic, elaidic, and linoleic acids, sepa- 
rately or i n  mixtures,  have been  shown t o  
cause the  basic dye ,  methy lene  blue,  t o  
become enriched at the  interface o f  a 
t1z.o-phase system consisting o f  a heptane 
mix ture  (Skellysolve D )  plus methy lene  
blue i n  ammonia  water. T h e  loss o f  dye  
f r o m  the  aqueous bu lk  phase is a loga-
ri thmic function o f  the  amount  o f  such 
fat ty  acids i n  the  system. T h u s ,  total con- 
centration o f  the  afore-mentioned fat ty  
acids m a y  b e  determined b y  application 
of 	 this m e t h o d .  

T o  determine the  fat ty  acids, a solu-
t ion  o f  500 yg o f  methy lene  blue chlo- 
ride ( m i n i m u m  assay, 98.5 percent)  i n  
100 m l  o f  0.6M N H , O H  was prepared 
xsithin a n  hour be fore  use. Fatty acid 
~ v o r k i n g  standard solutions containins 
100 m p  m o l e  o f  reagent-grade acid per 
milliliter o f  Skellysolve D solution were 
prepared and kep t  i n  glass-stoppered bot-  
tles (s toppers were wetted w i t h  glycerol 

t o  prevent evaporation) away f r o m  light. 
Standard curves for t h e  fa t ty  acids 
usually were m a d e  w i t h  mixtures simu- 
lating natural fats. Final vo lumes  o f  2 
m l  for t h e  hydrocarbon phase were used 
i n  t h e  determinations. T y p i c a l  standard 
curves were m a d e  b y  pipetting 0 ,  20, 40,  
80, 120, and 160 millimicroequivalents o f  
the  acids in to  sulfuric acid-dichromate 
cleaned C o l e m a n  spectrophotometer cu-
vettes ( 1 9  b y  105 mm r o u n d ) .  In to  each 
tube,  6 -ml  volumes o f  the  ammonia-
methy lene  blue solution were added.  All 
tubes were capped w i t h  Saran wrap  cov- 
ered stoppers and shaken 100 t imes vig- 
orously i n  a rack. Immedia te ly  a f ter  this, 
the  cuvettes were placed i n  a size 2 ,  
model  V International centri fuge,  and 
t h e  power was adjusted t o  bring the  cen- 
tr i fuge u p  t o  1600 r e v / m i n  i n  60 seconds; 
the  centri fuge was t h e n  slowly braked t o  
a stop. T h e  cuvettes were careful ly  re- 
moved  t o  prevent disturbance o f  the  in -  
terface.  T h e  optical density was read 
immedia te ly  i n  a C o l e m a n  universal 
spectrophotometer at 665 m p .  T h e  run- 
ning o f  a standard curve w i t h  each set 
o f  unknowns,  and u n i f o r m  standardiza- 
t ion o f  t h e  procedure, and the  mainte-  
nance o f  a constant ambient  temperature 
were found t o  b e  very critical factors 
because this system is no t  i n  equil ibrium 
w h e n  readings are made .  

T a b l e  1 shows typical optical density 
values observed. T h e s e  were obtained 
using a mix ture  o f  fa t ty  acids similar t o  
lard ( I ) .  T h e  precision o f  the  standard 
curve is indicated b y  the  func t ion  show- 
ing percentage standard error o f  dupli-  
cate analyses. T h i s  function was obtained 
f r o m  t h e  formula 

percentage standard error 
o f  duplicate analvses. 

I n  this formula ,  

is t h e  range i n  millimicroequivalents 
around t h e  m e a n  o f  duplicate values, 2; 
t h e  number  o f  sets o f  duplicates is de-  
noted b y  n. 

Preliminary studies have shown tha t  
this procedure can be used for t h e  meas- 
urement o f  unesterified long-chain fa t ty  
acids i n  plasma (0.2 t o  0.5 m l  o f  sample 
is n e e d e d )  and o f  total saturated and 
unsaturated long-chain fat ty  acids a f ter  
alkaline hydrolysis o f  a 0.1-ml sample. 

Furthermore, a check o f  this method  
was m a d e  o n  ethanolic K O H  saponified 
samples o f  lard and sunflower seed oil. 
T h e  amount  o f  fa t ty  acids found  b y  
titration o f  4-g fa t  samples checked 
wi th in  3 percent o f  t h e  values obtained 
using the  methy lene  blue interface en-  

Table 1. Typical  optical density values 
obtained i n  the  determination o f  total 
long-chain fat ty  acids wi th  percentage 
standard error for duplicate readings. T h e  
mixture contained palmitic, stearic, oleic, 
and linoleic acids i n  the molar ratios o f  
5 / 3 / 9 / 1 .  

Percentage
Tota l  o f  standard 
fat ty  Optical error for 
acid density duplicate( m u m o l e )  readings 

richment method  o n  aliquots o f  t h e  lard 
and sunflower seed oil soaps. 

I t  should b e  stated tha t  caprylic and 
lauric acids d o  not  cause any observable 
concentrations o f  methy lene  blue at t h e  
interface.  Moreover,  linolenic acid and 
myristic acids only weakly retain methy l -  
ene blue at t h e  interface i n  these proce- 
dures. However,  iodinated linolenic acid 
behaves i n  the  same manner  as palmitic, 
oleic, stearic, elaidic, and linoleic acids. 
Nevertheless, i t  is evident  tha t  this 
method  m a y  b e  applied for assay o f  
nearly all t h e  long-chain fa t ty  acids i n  
m a m m a l i a n  blood and tissue lipids and 
i n  vegetable lipids, except  butter and 
some vegetable fats. 

T h i s  n e w  m e t h o d  is no t  only more  sen- 
sitive b u t  also m o r e  practicable t h a n  pre- 
viously available methods  for measuring 
long-chain fa t ty  acids:  the  materials and 
equipment  required are wi th in  the  scope 
o f  any basically equipped chemistry labo- 
ratory. 

C H A R L E S  M .  COLEMAN 
GARDNERMIDDLEBROOK 

Department of Research and 
Laboratories, Sational Jewish 
Hospital at Denvel,  Denver, Colorado 
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Successive Reversal of a 
Position Habit 
in an Invertebrate 

T h e  performance o f  whi te  rats o n  a 
series o f  discrimination reversals based 
o n  spatial cues ( I )  has been  extensively 
investigated. T h e s e  studies show tha t  
a f ter  a very brief  period o f  negative 
transfer there occurs a gradual reduction 
i n  the  number  o f  errors w i t h  each suc- 
ceeding reversal. T h i s  interreversal i m -  
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Fig. 1. Mean days and mean errors to cri- 
terion as a function of the ordinal number 
of reversals. 

provement might be related to a "learn- 
ing set" ( 2 ) .  The  present report sug-
gests that this type of learning set is very 
difficult to establish in the isopod. The  
isopod was chosen for investigation pri- 
marily because it can survive laboratory 
confinement for several months, a pre-
requisite for this type of work, which 
entails repeated testing of the same sub- 
ject for a long period of time. 

Seven isopods, Arrnadillidiurn vul-
gare, were trained on a total of eight re- 
versals of a position habit (3).The ap- 
paratus consisted of a single-unit T-maze 
made of transparent plastic. The stem 
and the arms measured 3 cm in length 
and 15 mm in width. O n  the floor of each 
arm, 1 cm beyond the choice-point, was 
a grid made from copper wire. A direct 
current of about 7 Ftamperes charged the 
mid. O n  the floor of each end box was u 

a thin sheet of sponge which was kept 
moist. A cover was provided for each 
end box, and the entire unit was painted 
black on the outside. Under these con-
ditions of darkness and dampness, the 
isopod rarely attempted exit from the 
end box once it  had made an entrance. 
Above the choice-point was mounted a 
150-\v light which constituted the nox-
ious stimulus from which the animal at- 
tempted to escape. Prior to testing, all 

animals were given experience in a 
straight runway, the construction of 
~vhichwas similar to that of the T-maze. 

All animals were required to choose 
one arm of the T-maze in order to gain 
access to the dark, moist, end box. Three 
animals were initially trained to choose 
the right arm, and the remaining four 
were trained to choose the left arm. 
Eight trials were given each day n,ith an 
intertrial interval of approximately 20 
seconds. If the correct arm was chosen, 
the animal was allowed to proceed to 
the end box. If, however, the incorrect 
arm was selected, a shock was delivered 
to the grid. Response to the shock al- 
most invariably involved an abrupt with- 
drawal and a reversal of direction of 
locomotion. IVhen the isopod reached 
the criterion of seven correct responses 
on one day, training on the following 
day was switched to the opposite posi- 
tion (first reversal). Training to this side 
was continued until the animal again 
met the criterion of seven errorless trials 
on one day. O n  the succeeding dsy, 
training was begun to the initially cor-
rect side (second reversal). Eight such 
reversals Ivere given. During the course 
of the experiment, occasional shedding 
of the cuticula occurred in all animals. 
Performance prior to or following this 
condition did not appear to be impaired. 

Figure 1 presents the mean number 
of days to criterion and the mean num- 
ber of initial errors to criterion as a 
function of the ordinal number of rever- 
sals. Although a trend suggesting the 
formation of a learning set is apparent, 
statistical tests offered no evidence for 
interreversal improvement. That  is, the 
difference bet~veen performance on the 
first four reversals (or first two rever-
sals) and performance on the last four 
reversals (last two reversals) was not of 
sufficient magnitude to indicate that it 
did not occur by chance. Table 1 pre-
sents the individual data for all isopods 
involved in this study. I t  ~vill  be qeen 
that only two a n i m ~ l s  (animals 1 and 9 )  
showed definitive changes in perform-
ance with increasing revers11 experience. 
I t  would seem thrrt isopods do not sho'iv 
the characteristic improvement in rever- 
sal performance that has been demon-
strated for the lower vertebrate forms, 

Table 1. Number of errors to criterion for each subject. 
--- 

Animal 
No. 0 1 2 3 

Reversal 

4 5 6 7 8 

such as newts and turtles ( 4 ) .  \\'herher 
further reversal training would have re- 
sulted in a significant degree of improve- 
ment and whether a different in\.erte-
brate would reveal interreversal gains 
are problems for future work. 

ROBERTT H O ~ ~ P S O X  
Department of Psychology, 

Loz~isiana State University, Baton Rouge 
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Uranyl Protoporphyrin: 
a New Uranium Complex 

The  purpose of this report is to dc-
scribe a uranyl porphyrin compound that 
does not appear to be nephrotosic to 
mice. Uranyl protoporphyrin is a hith-
erto undescribed complex of uranyl ion 
with protoporphyrin 9, the porphyrin 
ring of hemin. 

LTranium in this work was assayed by 
radiation due to its decay and that of 
its daughters. Samples were counted ill 
a scintillation well (gammas) and a 
flow counter (alphas and betas) and 
compared with appropriate standards. 
Uranyl protoporphyrin has been synthe- 
sized by addition of UO,Ac,. 2H,O or 
UO,(NO,) ,  . 6H,O to aqueous proto-
porphyrin at p H  7. The complex precipi- 
tates at  pH's of less than 5. Repeated 
\vashes with HC1 at fiH 2 soon lead to 
constant counts in the precipitate and 
none in the supernatant; uranyl acetate 
ancl nitrate are entirely soluble at PI-I 2. 
The  porphyrin and the activity were en-
tirely in solution after the pH had been 
raised to 7 with NaOW. Allowing the so- 
lution to s t m d  at BH 7 overn i~h t  led to 
no precipitation of activity; unbound 
uranyl ion is quantitatively precipitated 
at this PH. Repeated p~ecipitation and 
solution fails to remove the uranyl ion 
from the porphyrin ring if a p H  higher 
than 8 is avoided. Apparently, sodiu~n 
uranates form at higher pH's and t h u ~  
destroy the complex. Autoclaving at pH 
7 in 0.9 percent NaCl destroys the com- 
plex; autoclaving in water at  the same 
pH does not. Excess citrate ion destroys 
or prevents the formation of the com-
plex. 

Uranyl protoporphyrin is more stablr 
in acid than in alkali; indeed, it has beell 
obtained by refluxing uranyl acetate and 
protoporphyr~n in glacial acetic acid 
The complex precipitates on addition of 
the reaction mixture to water. 

Copper in the porphyrin rinq is nei thc~ 
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