
378 	 S C I E N C E  April 15, 1949, Vol. 109 

tlie non-ionized bases, thymine and uracil. Since these 
will not usually be encountered together, no disadvantage 
attaches to  tliis fact, but i t  is  easy to separate them, as  
well as the other three substances, by resorting to anion 
exchangers1 and alkaline solutions as  shown in Fig. 2.2 
Recoveries by both procedures, based on speetropho-
tometric absorption in the ultraviolet (260-265 my) arc 
essentially quantitative. Identification of coniponents 
was made by tlie sliape of the ultraviolet absorption curve 
and by partition chrornatograpliy (3).3  

VOLUME O.IM ACETIC ACID IN rnl 

FIG. 3. Separation of mononucleotides of yeast nucleic 
ncid by cation exchange. Emhanger: 24 cmx0.74 cm2 
Dowex-50, ca. 300 mesh, H+ form. Bluting agent: 0.1 M 
acetic ncid a t  0.15 ml/min. Test material: 100 mg mixed 
nueleotides, recovered from their Ba salts following O.6N-
Ba(OH), hydrolysis of yeast nucleic acid (conversion of 
nucleic acid to nomonucleotides not quantitative), in 10 ml 
0.1 M acetic acid. Recoveries : 85-100% (based on optical 
density :it 260 mw). 

The nucleotides of yeast nucleic acid (uridylic, cyti- 
dylic, guanylic and adenylic acid) exhibit to  some degree 
the basic properties of tlie purine or pyrimidine constitu- 
ent;  this is  modified by both size and the negative phos- 
phate group with the result tha t  tlie exchanger-to-ion 
bond i s  considerably weaker. Weak acids have been 
found to  be the most practical eluting agents and a sepa- 
ration by means of dilute acetic acid is demonstrated in 
Fig. 3. Recovery of the starting material, based up011 
absorption a t  260 mv, varies from 85 to 100%. I n  the 
absence of pure starting materials ( the commercial prep- 
arations showing 5 5 0 %  impurity by tliese methods), it 
is  difficult to do better than this without an  extensive 
series of preparations of pure compounds. It is possible 
tha t  there is  a significant amount of acid hydrolysis of 
purine nucleotides occurring during tlieir stay in  tlie ex- 
changer bed but we have not been able to  prove tliis con- 

' The Dowex-A1 anion exchanger, a strong base, was 
kindly furnished us by Dr. L. Matheson of the Dow Chemi- 
cal Company, Midland, Michigan. 

aThese experiments were carried out by Mr. J. X. Khym. 
W e  are indehted to Dr. C. E. Carter not only for the 

chromatographic analyses but also for continued encourage- 
ment and assistance cluring the course of these experiments. 

elusively. Regardless of tliis possibility, the method as  
i t  stands will isolate the bulk of each constituent in spec- 
trophotometrically pure form. 

Concentration and metathesis of the large volumes col- 

lected in tlie sep:xrations are easily achieved (5, l o ) ,  
where evaporation is undesirable, by recycling the effluent 
througli the same column, washing witli water to  remow 
residual acid or base, and then eluting with a reagent 
which removes tlie adsorbed ion rapidly (e.g., NH,OH in 
tlie acid separations). 

Although tlie separations reported are all a t  or near 
the milligram level, we have been able to  effect practical 
separations on the same size columns on up to  nearly 
100-mg amounts. Tlie lower limit is, of course, set by 
the liniit of detection. At  the higher levels, overlapping 
of bands beconies more prominent because of the relation- 
ship between tlie concentration of an  ion and i ts  distribu- 
tion coefficient ( 1 2 ) .  

The details of these and related separations, with ex-
amples of their application to  specific problems, will be 
reported elsewhere. 
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A Simplified Procedure for the Analytical 
Extraction of Lipids1 
Joseph J. Kolb 

Lankenaz~ Hospital Research Institute and 
The Institute for Cancer Research, Philadelphia 

Recently Ilsiao (3) described a procedure for the ex- 
traction of lipids from fish tissues. When this procedure 
was applied to pulverized, moist, mouse muscle tis-
sues certain difficulties were encountered. The tissues 
clumped, adliered to  the walls of the extraction tube, and 
did not disperse during the extraction period, thus in- 
terfering with complete extraction. 

I n  order to  circumvent tliese difficulties, to  expedite 
the extraction of comparatively large numbers of 
samples, and a t  tlie same time to  attain tlie fine state 
of division recommended by Bloor (1) the following 
procedure was developed. 

Tlie method of preparation of the tissue for  ext,rac- 
tion is that  of Floyd (2) and Singhcr (6). A glass 

1Aided by a grant in memory of Mary Prances Sarkisian. 
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mortar with pestle is placed in an evaporating dish, and 
slirrounded by and filled with solid carbon dioxide ; : ~ fter 
tl~orough cooling of the mortar and pestle, the dry ice 
is removed from the mortar. The excised tissue, which 
has been stored in vials over dry ice, is thawed just 
enough so as to be transferable to the mortar, and dry 
ice equd to about three times the volume of the tissue 
is then added. When the tissue is again frozen solid, 
the mixture is ground until a fine liomogeneous powder 
is obtained. Small bits of dry ice are, if necessary, 
added during tlie grinding. The ground powder is then 
transferred to a vial and the carbon dioxide allowed to 
evaporate until a pasty iuass is obtained. As soon as 
this change has talten place the tissue is again frozen 
solid. 

Samples of approximately 200 mg of the partially 
thawed ground tissue are weighed into 50 ml conical 
centrifuge tubes equipped with a 24/12 $ outer joint.2 
The tube is hung on a balance by an easily made sup- 
port (4).  Five ml of 95% ethanol is added and the 
tube is stoppered and allowed to stand until tire entire 
series of samples have been weighed (usually G or 12 
samples). The samples are then thoroughly dispersed 
with the aid of a stirring rod, and sufficient alcohol is 
added to each tube to wash down the walls and tlie 
stirring rod so that a total of 10 ml of solvent is used 
for each 200 mg of moist sample. 

Pyrex #2480 Allihn condensers (200-mm jacket, 19/38 
T joints) are connected to the centrifuge tubes by spe- 
cial adapters. These adapters are provided with an 
inner 24/12 $ joint and an outer 19/38 $ j ~ i n t . ~  

The heat source is an electric digestion flirrlace as  de- 
scribed by Miller and Miller (5). Rate of boiling may 
be controlled by using either a variable transform& or 
by adjusting the lieigllt of each tube above the heating 
element. When the 10-min boiling period is caornpleted, 
the extraction unit is raised from the heater. After cool- 
ing to room temperature, contents of the tubes are 
swirled to wash down solids that creep up the walls dur- 
ing extraction. After centrifuging 10 min a t  3,000 rpm, 
the clear supernatants are decanted into tared aluminum 
weighing dishes (Fisher Scientific Co. #8-732). The 
dishes with contents are placed in a desiccator over cal- 
cium chloride iinder moderate vacuum. The extraction is 
repeated with an additional 10 ml of ethanol and the 
resulting supernatants are added to the dishes. 

In  order to insure complete dryness, the residues are 
placed on the followir~g day into another desiccator over 
fresh calcium chloride under high vacuuln. 

If  dispersion during boiling is thorough, the second 
extraction does not yield more than about 3% of the 
weight of residue resulting from the first extraction. 

Eighteen samples in duplicate of normal and cancer 
tissue of mice were extracted, with an average difference 
of 2% between the results of pairs. The average sample 

"'hese ver~atile centrifnye tubes may be ot,ti~ined by 
special order from either Ace Class, Vineland, New Jersey, 
or Corning Glass Works, Corning, New Yorlt. 

3Made by J. F. Uhrig, 4104 North Fifth Street, Pliila- 
delphia 40, Pennsylvania. 

weight used was 224 mg, and the evaporation residues 
ranged from 9.5 to 14.9 mg. 

The following additional information may be obtained 
from a series of extractions. I f  the insoluble residue is 
dried in the centrifuge tube a t  100" C overnight and 
weighed, the sum of the weights of the soluble and ill-

soluble portions will give a value which agrees with 
that of independent drying experiments on the whole 
tissue (100 2 3%). When this insoluble residue is ashed 
overnight in the centrifuge tube a t  450") and the result- 
ing as11 weighed, a correction for soluble ash can be OF- 
tained provided the total ash is known. The soluble ash 
in our series was 58 + 5% of the total ash or 14% of the 
evaporntion residue. 
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Evidence that Amputation of Bacterial 
Flagella Does Not Affect Motility 

Adrianus Pijper 

Institute for Pathology, University of Pretoria, 
Pretoria, South Africa 

Ti1 previous papers (5, 6, 8, 10, 11, 1.2) the somewhat 
revolutionary theory was proposed that the motile bac- 
teria which are commonly credited with flagella do not 
move by means of such flagella, hut by means of i~ndu-  
lating gyrating contortiolls of their spiral-shaped bodies. 
Bacterial flagella would then have to be regarded, not 
as motor organs, but as mucous twirls peeled off from the 
mucous capsule, through the very movement of the bodies. 

Acceptance of this theory would have far-reaching con 
sequences. When applied to bacteria, the word "flagel- 
lum" (which means "whip ") would have to be invested 
with quite a new meaning, or else be given up and re 
placed by something like ' 'mucous twirl. ' ' ' ' Bacillus '' 
and ' ' bacterium " (meaning ' ' rod ) )) would become mis- 
nomers in many instances, because although a rod need 
not be straight, an object which definitely has the shape 
of a spiral, or rather coil, cannot reasonably be termed 
a rod. Apart from nomenclature, the new theory would 
obviously affect classification in a fundamental manner. 
This might, however, a t  the same time l e d  the way to a 
phylogenetic classification. Teachers might like the new 
theory, for with less ernphasis on the appearance and im- 
portance of ' ' flagella, " irksome "flagella staining " 
might be given up ! 

Notwithstanding my several publications on the sub-
ject, and the prodiiction of a cinemicrographic film in 


