
phenylserine mixtures implies the en-
trance of both of the amino acids into 
the bacterial cells rather than the selec- 
tive exclusion of phenylserine by tyro- 
sine. 

DOROTHYA. MILI.EK 

using the distal end of the ulna and the " 
fused posterior carpal bones (cuneiform) 
as the fulcrum. Extension at the humero- 
ulnar joint, through ligamentous attach- 
ments between the various bones, pulls 
the radius proximally and drags the 

SOFIA S I ~ I ~ I O N D S  manus into an extended position (with 
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Bony Mechanism of Automatic 
Flexion and Extension 
in the Pigeon's Wing 

In 1875 Garrod ( I )  noted that Berg- 
mann, and later Strauss-Durckheim, had 
earlier described a mechanism for auto- 
matic flexion and extension in birds' 
wings. Garrod also credited Alix for an 
observation of the same thing, reported 
in 1874 in Paris. Coues (2 )  further de- 
scribed the device. The function was sug- 
gested from gross examination of dissec- 
tions, and no experimental evidence was 
offered. Since the date of these papers, 
no further research on this apparatus has 
been published. 

Briefly, the theory of operation was 
that the radius and ulna move in a 
fashion similar to a pair of "drawing 
parallels." The proximal end of the 
radius butts against the humerus, while 
the distal end is in contact with the fused 
carpals (scapholunar) , which in turn are 
in contact with the anterior (digit I1 
side) surface of the carpometacarpal ar- 
ticulation (Fig. 1 ) . Humeroulnar flexion 
forces the radius distally, and the radius 
forces the manus into a flexed position, 
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Fig. 1. Diagram of bones in pigeon's wing. 

the same distal fulcrum as in flexion). 
Experiments were devised to test these 

views of bone movement in the bird's 
wing. In  two domestic pigeons, Columba 
livia, all flexors of the manus were cut; 
the birds were under general anesthesia, 
and it was a simple matter to cut all 
flexor tendons at the "wrist." After re-
cobery from the operation, these birds 
flew in near-normal manner, but when 
they were perched the manus seemed to 
droop (extend) slightly. After 1 month, 
flight was so nearly normal that it was 
difficult to distinguish experimental birds 
from others in the room. 

Cutting of the extensor tendons to the 
manus caused some further loss of deli- 
cate control, but the birds soon were able 
to fly. Eventually, these birds that had no 
niuscular control of the hand flew easily, 
but they were always distinguishable in 
their awkwardness. 

In two other pigeons, surgery was used 
to shorten the radius and prevent its 
simultaneous contact with the humerus 
and scapholunar. The left and right fore- 
wings were entered dorsally and a 5-mil- 
limeter section of the radius was sawed 
from the middle of the length of this 
bone. After insertion of a bone pin in 
the marrow cabity, the cut ends bf thc 
radius were pulled together with metal 
sutures. After recovery, the birds could 
fly, and wing-action was nearly the same 
as before the operation. 

The flexor tendons for the hand were 
then cut. The birds could not fly, and the 
manus remained in an extended position 
at all times. Further surgery, to cut the 
extensor tendons, caused the hand to 
dangle, without bisible control. 

An attempt was subsequently made ill 

each wing to remove the bone pin and in- 
sert a longer one to bring the radius blck 
to its normal length. This was successful 
only on one side of one of the two birds; 
in the three other sites of bone shorten- 
ing there had been too great a deposit of 
calcium on the outside of the bone to 
permit further surgery. The manus of 
the one wing in which the length of the 
radius had been restored was flexed and 
extended as the bird jumped from pcrch 
to perch. 

At autopsy it was found that the 
radius had been shortened only 3 milli-
meters in one instance and 4 millimeters 
in the other two, normal length in the 
radii, as measured from x-ray photo-
graphs, was 48 millimeters. 

I t  thus seems evident that flexion and 
extension of the manus can be accom-

plished without contraction of muscles 
extending to the manus. Flexion and ex-
tension at the humeroulnar joint, through 
action of the muscles of the upper arm, 
causes the same actions at the wrist. 

HARVEYI. FISHER 
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Liquid Scintillation Counting 
of C14-and H3-Labeled Amino 
Acids and Proteins 

Thc method for tritiation of organic 
compounds described by Il'ilzbach ( I )  
makes it possible to prepare with rela- 
tive ease a wide variety of labeled com-
pounds of high specific radioactivity. 
The applicability of the method in the 
labeling of intact protein molecules has 
now been demonstrated ( 2 ) .  Although 
the labeling procedure leads to degrada- 
tion of a portion of each sample, a good 
yield of native protein of high specific 
radioactivity is obtained, as is ebidenced 
by chromatographic homogeneity and 
retention of full enzymatic activity. 

Effective use of these compounds in 
biological studies depends on the avail- 
ability of a simple and sensitive system 
for radioassay. This is provided by the 
liquid scintillation counting technique. 
But, because the phosphors used in this 
system are nonpolar and are generally 
incorporated into an organic solvent (31, 
significant quantities of highly polar sub- 
stances such as amino acids and proteins 
cannot be dissolved in the phosphor solu- 
tion in unmodified form. A method for 
suspending such material in scintillating 
gels has been described for use in count- 
ing C14-labeled compounds (41,  but this 
is not applicable to the assay of tritium. 

Passman et al. 15'1 have reoorted the 
\ , 

use of a methanolic solution of the hy- 
droxide form of a quaternary amine, 
Hyamine ( 6 ) ,  to form a complex with 
C 1 a 2  which is soluble in organic sol- 
vents, thus making it possible to dissolve 
uo to 5 mmole of C1aO.,  in 35 ml of 
phosphor-containing toluene. As is de-
scribed in the next paragraph, this same 
quaternary amine hydroxide (and sev- 
eral other quaternary amine hydroxides 
-for example, choline and tetraethyl 
ammonium hydroxide) can also complex 
amino acids and intact proteins. The 
phosphor dissolved in toluene can then 
be added to the methanolic solution of 
protein-amine complex, providing a clear 
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Table 1 Corlection for quenching effect of trichloroac etlc acld-precipitated protelnhomogenous solution for assa) in the 
scintillation counter. 

The sample of protein or amino acid 
to be dissolved is weighed dlrectly into 
the glass vial to be used for counting 
( 7 ) ,and to it is added 1 ml of 1M Hya- 
mine in the hydroxide form in methanol 
prepared according to Passman et al. 
(4 ) .  After the sample is completely dis- 
solved, 10 ml of 600 mg percent di-
phenyloxazole (DPO)  in toluene is 
added, and the contents of the vial are 
mixed. 

Alanine, leucine, phenylalanine, tyro- 
sine, and tryptophan are each soluble to 
a concentration of at least 20 mg/ml of 
Hyamine solution. Aspartic acid is some- 
what less soluble than the afore-men-
tioned amino acids, and as little as 5 mg 
of arginine cannot be ~ompletely dis- 
solved in 1 ml. It  has been found that 
up to 10 mg of the follo~rring crystal- 
line proteins dissolve readily at 37OC: 
insulin, ribonuclease, lysozyme, ovalbu- 
min, and bovine serum albumin. Mixed 
tissue proteins [precipitated and washed 
with trichloroacetic acid (TCA) ,  fol- 
lo~rred by ethanol-ether (1/1) and ether] 
dissolve with more difficulty, but 10 mg 
can be taken up in 1 n11 of the amine 
solution by capping the vials and heat-
ing to 55' to 60°C for 1 to 2 hours. 

After solution is complete and the vials 
have cooled to room temperature, 10 ml 
of DPO in toluene is added, as with the 
other samples. The vials are then cooled 
to the temperature of the counting cham- 
ber (- 10°C). Samples of protein or 
amino acld containing salt (such as are 
obtained from column chromatography) 
can be taken up in the Hyamine solution 
satisfactorily, even though the ralt does 
not dissolve. 

\Vith the exception of ~nsulin, the 
afore-mentioned crystalline proteing do 
not cause quenching in amounts up to 
10 mg per sample, and the counting effi-
ciency with this method is approximately 
5 percent Insulin causes a decrease in 
the observed counting rate for tritium of 
from 14 to 57 percent as the amount of 
insulin is increased from 5 to 20 mg. 
Quenching is marked with the TCA-pre- 
cipitated tissue proteins. Solutions of 
these denatured proteins frequently have 
a 	yellow-bro~rrn color. The intensity of 
the color varies with protein prepara-
tlon, concentration of protein, and time 
of heating. The relationship between 
amount of protein and observed counts 
per minute is not Iinear for these prepa- 
rations. As is shown in Table 1, the mag- 
nitude of this quenching effect can be 
determined by adding a standard amount 
of tritium-containing compound to all of 
the sample vials and recounting them. 
By means of the ratio of the increment 
in counting rate owing to the addition 
of standard for each vial to the count- 

-

Protein 
weight 
(mg) 

-

2 
4 
6 
8 

10 
-

- -

Specific 

Increment in activitycount 'min correct~d 

owing to for 


addition of quenching

standard* (count/min 


nlg) t 

12081 2685 
11260 2440 

9578 2383 

7613 2581 

6722 2620 


-

Observed 
count/min 

minus 
background 

-

3933 

6658 

8295 

9523 


10685 


Specific 
actil ity 

observed 
(count/min rng) 

1966 
1664 
1382 
1190 
1068 

' 
pp 

Standard - 16,500 count /m~n of tritium-labeled A4-cholestenone 
16,500 _ saml~lc.f Observed count/min - backg~oundx 
Increment in count/mln owlng to addtiion of standard \+elshi 

ing rate for the standard alone, the 
counting rates of the unkno~rrn samples 
can be corrected for quenching. The 
corrected counting rates are linearly re-
lated to the amount of tritiated protein 
in the range from 2 to 10 mg. This 
rnethod also corrects for differences in 
quenching that result from variable losses 
of methanol during heating and for 
variation in the counting vials. Because 
the intensity of color of the solution in 
the vials tends to increase on standing, 
it is important to make the quenching 
correction shortly after the sample is 
counted. 

In  the course of these studies, it has 
been notcd that vials containing only 
methanol, Hyamine, toluene, and D P O  
give spuriously high counting rates (up  
to 500 count/min) when warm. As the 
temperature of the vial falls to that of 
the counting chamber, the counting rate 
returns to the normal background level 
(about 35 count/min) . This phenomcnon 
is observed only at the high voltages used 
for counting tritium. It does not occur 
when Hyamine is omitted from the solu- 
tion-that is, with toluene and DPO 
alone-although it is evident when othcr 
quaternary amines are substituted for 
Hyamine. This effect of temperature is 
also observed when Hyamine is used with 
DPO in dioxane rather than in toluene 
solution. 
-4simple method for preparing snm-

ples of tritium or C1*-labeled amino 
acids and proteins for radioassay in the 
liquid scintillation counter has been dp- 
scribed here. I t  wiIl be evident that there 
are many possibilities for modifying the 
composition of the counting solution. 
For example, microgram quantities of 
ribonuclease dissolved in 0.5 ml of form- 
amide can be counted satisfactorily after 
the addition of a solution of DPO in 
dioxane. However, the method that has 
been outlined would appear to be satis- 
factory for many purposes, and thus far 
none of the variations explored have 
been found to be of plrticular advan- 
tage. The ability to assny tritium directl~ 

in amino acids and proteins, coupled with 
the ease of labeling these con~pounds or 
their precursors with tritium by the \Vil7- 
bach technique (2) should provide a net+ 
tool for application to studies of protein 
synthesis and ~netabolism. 
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Preparation of Tritiated Proteins 

by the Wilzbach Method 

\Yilzbach has recently described a sim- 
ple procedure for introducing tritium 
into organic compounds ( I ) . 'The com- 
pound to be labeled is exposed to 5 to 
10 c of carrier-free tritium gas for sev- 
eral days at room temperature. Toluene. 
cholesterol, and dlgitoxin were labeled 
and found, on purification, to have spe- 
cific radioactivities of 22.2, 64 3, and 90 
mc/g, respectively. The labeling proce- 
dure caused some degradation, but thii 
was considerably less extensive than that 
observed with the triton-recoil method 
( 2 ) .  In  view of the mild conditions used, 
it appeared possible that the method 
could be applied to the labeling of pro-
teins. Preliminary results on the tritia-
tion of lysozyme and ribonuclease b\ t h r  
IVilzbach method are described here. 
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